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PREFACE

_ The basic purpose of this Manual is to identify all of the Civil Afr
Reguiations which apply specifically to the Transpart Category and there-
fore distinguish it from all other eategcries, as well as to :Interpret
thase regulations :ln an efforb tos ' ‘

(1) .ezp]ain the purpeses int.ended to be accompliahed by each

(2) expla:ln the significance of certa.in detatl pmvisions of
these regulationa where these are not clearly inferabla
- from the text of the regﬂation 1tself, - S

(3) indinate means by vrhich compliance ma.y be shown,

(&) suggest or refer to roms in which data shcming or
‘ implementing compliance may be pcresenbed.

METHOD

The identification is accomplished by means. of the Table of Contents

 hereafter which contains a 1list, by CAR Section RNumber and Subject, of

~ these reglations. It i3 attempted to accomplish the remainder of the
purposes described above by means of a brief INTRODUCTION presenting the
background and history of the development of the category and to discuss
certain genmeral features of the nature of the regulations governing it
and the procedure necessary to show compliance with these, followed by a
detailed discussion of "each of the Sections identified in the Table of
-Contents, Insofar as is practiczble, each of these Sections is treated
under each of the four elements, listed under PURPOSE above and, wherever

_ possible, in that orders ,

- SGOPE

I should be noted (see GAR 04.01) that those Sections of the Civil Alr

Regulations which are identified by the Table of Contents are not &8ll of

the regulations with vhich compliance must be shomm in order that an aire

- plane be eligible for type certification in the Transport Category. They

are rather only those Sections, governing the same subject matter, which
 differ from corresponding Sections in the Civil Air Regulations, applicable =
- %0 all other sirplanes, or those which are in addition to regulations applic-

. able to a1} airplanes. It is believed that the text of the regulations =

- themselves will make clear in which of the above two possible classes any

‘one of them falls, but in a1l cases where this is not obvious, the status:

in respect of these two conditions is made clear in the text of this Manual .

At this time no g:;eat.anolmb of'experiezircé' has been had in the administra-
tion of this set of requiiements. For this reasen, it is anticipated that
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this Msnusl will necessarily be sub:ject to revision from time to time as ex-
perience with these requirements .is gained. In view of this, and in order that
possibly more useful means may be revesled which can be incorporated as revi-
‘sions in the Manual, it is suggested that applicants for certification in the -
Trensport Category look eritically upon any means suggested herein to show come
plisnce or any form in which to present test data. A1l eriticism should be
addressed to Flight Engineering and Factory Inspecticn Division, Civil Aero-
nautics Adminlstra'bion, Washington (25), De Co _ _

Rei‘eremes t.o those parts of the Civil Air Regulations with which compliance
also must be shown in order that 4n airplame may be certificated but which are
not covered in this menusl are given in Civil Aeronantics ‘Manual 04 - npirplane
mmmmss.

Additional information covering in deta:.l the inspections and testing required
for certification of an alrplane in the Transport Gategory will be fourd in

. the Type Inspection Report form ACA 283-T. This form has been prepared by the
Flight Engineering and Factory Inspection Division primarily for use of their -
personnel to serve as a2 gnide and an outline of the scope of these inspections
and tests as well as to serve as a standard form in which to report the results
of these. Applicants desiring copies of this form for their omn use may obtain
them from any branch office of Flight Engineering and Facto:y Inspection
Division or from the Washingt.m offices -

20767



‘Introduction
INTRODUCTION |

HISTORY

- The idea of categories of airplanes for design ‘and other purposes is not
new., Military airplanes have for years been classified in tactical cate-
gories such as, for example, fighter or pursuit, observation, attack,
bombardment, training, ete., for each of which there exists a body of

design requirements differing in detail from category to category. Vhen, - .
however, following the enactment of the Air Commerce Act of 1926, the '
problen of developing a set of design requirements for civil airplanes

was faced, it was apparently felt necessary that these requirements be

of such nature as to render them applicable to an:,r alrp]ana which might

be presented for lz.censing.

though the records are not mt.:.rely clear upon. the point, there is
certain inferential evidence, contained in the form which these require-

‘ment3 took when first published in 1928, that the purpose had been azccom-
plished by taking the design requirements for the various military cate-

- gories and expressing as many as possible of these as functions of certain
of the fundamental design characteristics of the airplanme. The airplane .
design characteristics selected for this purpose appear to have been _
weight and power loading and a great many of the structural design require- :
ments remain today functions of thecse two parameters. _

The successive revisions to these original requirements. i_ndicate, however,
- that this process was realized to be not altogether satisfactory. It has
been found impossible to relate certain of the necessary design require-
-ments to these parameters. Notable among such requirements were those
governing the performance of the airplane:; the tdke-off distance, the
landing speed and the initial rate of ¢limb. These had, instead, been
‘made arbit.rarily selected flat limitations applicable to all airplanes. )
Various not altogether satisfactory attempts were made at a comparatively
early date to modify the inflexibility inherent in such requirements. The
lending speed requirement, for example, was made successively a function
of the presence or absence of brakes, the number of engines, the presence
or absence of passengers, and finally, the wea.ght of the a:n.rplane.

There is other evidence of d:.ssatisfaction with a set of requ::.remen‘bs
applicable to all airplanes. For -example, some time prior to 1934 Aero-
nautics Bulletin No. 7-F ®Air Commerce Regnlations Governing Scheduled

- Operation of Interstate Airline Services," had been prepared in which

there occwrred a great many design requireéments, not found elsewhere in

the regulations, applicable to what were identified as "airline aircraft.t
This represents, in fact, the first trace in the history of the regulat:.ons '
of what has since become the Transport® categoryo

The 'brend in airplane design soon thereafter became most severely restricted
by the landing speed requirement and resort was had to various expedients
to relieve this restriction. Based’ upon dimensionsl reasoning now con-

. sidered. open to some quest:.on in respect o.t‘ its fundamental assumptions,

-1-
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the landing sPeed was related to the weight of the airplane ’ pemit.tmg an
+ increase with increasing weight. The conception of “provisional®" weight

was introduced into the regulations as a weight at which the airplane was =
permitted to take off, but not to land and at which cohpliance must be
ghown with all of the design requirements excepting only the landing speed.

- The grant:.ng of provisional weight, however, was limited to air carrier

airplanes in scheduled operation. During early 1939 a tentative proposal
to permit the granting of provisional weight to non air carrier airplanes
was made but no action was ever taken.. In August of ‘1939 ancther proposal

. - for revision to the 1and1ng speed requirement was made, based upon maintaine
. ing an adequate spread between the stalling speed and an arbitrarily selected

®approach" speed. This was also unfavorably received and no action was

taken., Aireraft Adrworthiness Section Report No. 8 dated August 1939, which
dealt with the subject of flight load factors, recommended that operational
classes or categories of airplanes be set up with constant load factors for

- each and proposed MAcrobatic®, "(eneral Purpose", "lLand ‘rransport-" and

"Ocean Transport® oategories for th:.s purpose. ‘No action was taken upon

this proposal.

Finelly, in October of 1939 it was proposed by vhat is now Flight Engineoring _
and Factory Inspection Division of the Civil Aeronautics Administration that -
there be established categories of airplanes based upon their intended use
and that among these categories there be a "{ransport™ category. There was

‘also proposed a set of detail performamce and flight characteristics require-

ments for the Transport Category which sought to avoid the inherent inflexi-

'bility of arbitrarily specified take~of f distance and landing speed by sub=-

stituting therefor the measurément of e take—off distance, intended to pro~
vide for the possitdility of engine failure-on multi-engine airplanes, and

a landing distance; both to be representative of the airplane when operated
within reasonable speeds, together with a set of operating requirements which
related these dimensions to the dimensions of airports into or out of which

"the airplane would be permitted to operate in such a way as to pronde a
. dasirable level of safety.

‘This proposal was present.ed at a conference in Washington in October of 1939

attended by representatives of the entire industryy and was well received.

. The entire proposal went through several successive drafts as the idea behind
‘it developed, was agein discussed at & similar conference in Xansas City in
‘Pebruary of 1940, and was finally adopted by the Civil Aeronautics Authority

Mey 28, 1940, as Amendment 56 to the Civil Air Regulations, to become effec~
tive Ju.‘ly 1, 1940, Immediately after its adoption, however, objections

began to be received from representativés of the manufacturing industry to
various of its detail provisions, notably the take-of f and landing distance
requirements. The subject was re-opened for general discussion which con-

 tinued during the greater part of the next two years, involved a number of
7 investigations by the Civil Aeronautics Administration such as, for example,
.- those covered by Flight Engineering Reports 1 and 2, several conferences,

and finally a general revision of Amendment 56 adopted by the Civil Aeronautics

.Beard Februdry 6, 1942, to become effective July 1, 1942. This revision is
reflected in the " paterial discussed in this menual,. :

__2*..
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. Introduction

MTURE OF TI-IE GA‘I‘EM

The trznsport ca‘begory is a category for the purposes of airworﬂ'xinass
and type certification. The regulations governing the category cone.
stitute an attempt to specify a minimum in the way of safety considered
- necessary for an airplane designed basically to be used for the trans-
_‘portation of passengers or goods,.

The selection of the items of performance to be govemed by regulationa,
as well as of the airplane configurations and speeds at which these
items of performance are to be measured, have beem based largely upon
the practices of scheduled air carrier operetion and have been aimed
at reducing insofar as is considered practicable, the hazards which
-~ experience has indicated to exist in swh operation. It has therefore
been inevitable that the form of these regulations has been influenced
by the types of airplanes upon which this experience has been based.
Any radical departure in design is therefore likely to render some of
* the details of these requirements inappropriate. Such cases, however,
cammot be anticipatad and xmmt therefore be dealt with as they arise,

- A8 a result of a great deal or discussion during the development of the
requirements, it has been decided that any airplane suitable for “trans-
port" purposes should, in the interest of a minimm tolerable level of
safety, be 2 nmlti-engine airplane. The regulations are therefore such
thet single emgine airplanes are ineligible for certification in the
category. This aspect of the regniations is reflected by wvarious rates
of climb required with one engine idoperative. It may also be noted

“that Section 40.2 requires that any new type airplane introduced into

scheduled. air carrier passenger operation must have been certificated
in the Transport Category and that Section 61.712 imposes certain operat-
ing limitations upon such airplanes. These operating limitations are
applicable to any part of any route flown by the airplane and take the
form of specifying, in terms of the weight a{ which the airplane may be
operated, & relation which must exist between certain items of performance .
measured as a part of the process of type certdification and the dimensions
of the route over vhich the airplane is operated. :

It is, hawever, not intended that only airplanes for use in sdmduled

passenger operetion be certificated in the category. For this reason

the regnlations include & set of minimum requirements for certification

in the category. In the general case in which the applicant for certi-

-~ fication antieipates the use of the airplane im scheduled passenger
operation and thus becoming subject to the operating requirements con-
tained in Section 61.712, it will be necessary, in order that these

" operating requirements be satisfactorily implemented, to consider all
or the extreme values of weight, altitwle, and such other variables:as
are involved in the application of these requirements. The performancs
information obtained in demonsirating compliance with the minimum require-
‘ments for certification in the category would limit the use of the air-
Pplane in scheduled pessenger operation to sea lewvel airporis and to _

- routes covering no terrain of greater altitude than 4,000 feet, and would
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‘require the imposition of the operating limitations of Section 61,712 at

" the maximm weights selected for that purpose. If the airplane be not used

~ for scheduled passenger operation the minimum performance information re- :
quired to be determined is considered to be necessary in order that the pilot

-'m8y intelligently operate the airplsne. It is for this reason, a&s well as -
.for the reason that the information is necessary in order to comply with the
operating requirements, that the Transpert Category requirements specify that
for each airplane an. operating manual must be furnished which must containm -
certain of the performence mfoma tion required for, and determined during,
cerbification.

The fundamental distinction between the requirements of the Transport Category
and those previously contained in the Civil Air Regulations and applicable to
all airplanes, may perhaps be most aptly identified in terms of certain options,
‘not’ at present otherwise necessary, which must be exercised by the applicant

for certification in the Transport Category prior to or at the time of his
application. 'rhese ars identified and discussed in the rollowing: :

1. The Selection of the Category in Whitch the Atrplane s to be Certificated.

At present the altematives to certification in the Trensport Category
are limited to a single set of requirements; namely, those in effect
bsfore the establishment of the Transport Category. As is indicated,

. however, by Section 04.01, an macrobatic®™ and & ®normal® category are
now under consideration and will eventually be covered by appropriate
requirementss It is also poassible that in the future still other cate-
gories may be established, At present the practical significance involved
in the selection of the category for certification is that unless certi-
ficated in the Transport Category, the airplans will not be eligible for
use as a scheduled air carrier passenger airplane.. A.lso, as has been
indicated in the foregoing, single engine airplanes are in any event in-

~oligible for certification in the 'rranaport Category.

2. The Selection of the Range of Wedght g, Altitude to be chered by the
- Hight Iesﬁing Required for Certification.

This sslection mst be based primarily upon the extent to which the appli-
cant for certification wishes the cperation of the airplane to be limited
following the original certification. If the applicant. be not concerned
with this point, he may elect to conduct omnly the flight test required to
'demonstrate compliance with the minimum performance requirements contained
in Section 04.750-T together with those required to demonstrate compliance
‘with the flight characteristics and other requirements., If the airplane
is not o be used for scheduled air carrier passenger operation, or if it

- 48 precticable to limit the operation of the airplame by a scheduled air
carrier to.sea level airports containing runways of ample length and to
terrain of altitude not in excess of 4,000 feet, this procedure appears

- to be indicated. It should be noted that this latter -case could quite

~ easily apply to a flying boat in scheduled operation. If, on the other
hand, the applicant contemplates the use of his airplane in scheduled
operation over land and wishes to provide for the greatest possible flexie
bility in the matter of compliance with the operstion limitations contained -
in Section 61.712, considerably more performance measurement will necessarily

-4 -
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be involved. It may be entirely prmtieable for example, fcu:' apera-
tion over routes involving apprecicbls gifferences in the altitude

of airports along it, to take advantauge of the improvement in per- .
formance which 1s possible by means of reducing the weight at which

the airplane is operated. It may also be desireble to alter the
various flap settings in order to improve the clinbing performance

at a given weight while not exceeding the limitations uwpon stalling
speed at that weight. In cases such as these, it wili, of course,

be necessary to determine by flight testing and calculat:lon, the

eéffect of weight, altitude, and of flap setting, throughout the range
of each for which it is desired to provide, upon the take-off, land-
ing, and climbing performance and to include this information in the .
operaticn manual. This selection must obviously be left to the appli-
cant since, even though he may find it difficult to antd.cipa'be the '
uses to which the airplane may subsequently be put, he is neverthe-

 less in bet'oer position to forecast this than snyone else.

The Select.icsn of the Wed.gmj Range to be Covered by the Terms of the
Certiﬁcation. V ;

This seleotion is closely related to Ttem 2 in the foregoing snd
mist be based upon essentially the same considerations. The simplest
possible selection of weights is a single maximum weight to be used
both for take-off and landing and as a basis for the imposition of
the operating limitations. The next simplest choice would appear to

‘be & maximum take-off weight and a meximmm landing welght differing

from take-off weight. This requires the installation of fuel cumping
equipment of sufficient eapacity to reduce the weight of the airplane
from the maximm take-of f weight to the maxiwum landing weight in nct
more thén ten minutes. The operating limitations may then be based
upon the assump‘bim that these two weights exist throughout sach ﬂ.i.ght.
The most flexible possible arrangement in the matter of welghts is
provided by selecting a range of weights for take-off and a range for

- landing, and determining the performance as functions of these weights

in order that, for the purpose of showing complisnce with the operat-
ing limitat.ions, any weight within these ranges may be selected to fit

- the requirements of a particular route. It is obvious that this selec~

tion must be left with the applicant. .

The Selection of the Range of Altita:de t.o be Covered by the Terms of
The Gertiﬁcation

'.l'his is also cloae];y related to Item 2 and is analogous in its nature
to ITtem 3. The simpleat possible selection is that indlcated by the

minimm perfomance requirements contained in‘Section-'OA.:?sO-T; namely,

sea level for the purposes of the determination of the take-off and
landing distances and certain of the rates of climb and 5,000 feet for
the purpose of determining the "en route® one engine hopemtive rate
of climb. The selection providing the greatest possible flexibility.

is determine these items of perfamance over a range of altiiude
great encugh to cover all anticipated routes over which the airplane

' may be -opers ted.

-5 -
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Ee Select.ion of the 1.% mp P@sit:z.@ng Degived for ﬂertification. _

Sact.ion 0407512=-T requires that the flap control indicsts a "retr&cted ®
a "take-off,® an “approach ¥ and & "landing® position and it may be noted.

- that it is required that various items of perfommance be determined at each
“of these flap positions. It is also roquired that the stalling speed with
the flap in the Mapproach® positlon mus?t not exceed 85 MPH, and that the
stalling speed with the flap in the ®landing® position must not exceed

80 MPH. Obviously, no plans ibr flight testing may be made until these
positions are selected unless the applicant wishes to investigate 8ys tem~-
atically the effect of flap position upon each or several of the items of
performance wiich must be determined at the nominal position to be selectede
This selection may therei‘ore be seen a]so to be related to Them- 2 and- pos«-
-sibly to Item 3, . ,

6. The 8 Select.ion of the critical Speed to be Used in the Determination of the

‘Take-off Distamse Reguired by Section 04,47532-T.

This is discussed in the text associated with Section 040'75324.

- The practical effect of these selectiom is that, by making t-han, the appli-
cant defines, in terms of the elements involved therein, the area to be’
covered by the terms of the type certificate and thereby the .a.im:;ts of -
airplane welght and airport altitude within which the airplane may be
‘operated by a scheduled air carrn.er in compliance with the requ:l.rements )

‘of GAR 6107120 .

:‘5

PROGEDURE T0 EE FOILG‘I’ED BY APPLICANT

-The burden of showing or implementing compliance with the requ:i.ranents for an
‘airworthiness or a type certificate rests with the applicant for such certi-
ficate. The funciions of Flight mgimering and Factory Inspection Divisjion
&re to conduct such inspection and to witness and/or conduct such flight test-
ing as is necessary to obtain the obaserved data and otherwise to demonstrate
compliance with the regulations. GCAM 04.0 cutlines a set of minimum require-
nents for this process and a procedure to be followed by the applicant in
order to satisfy the requirements for airworthiness or fype certificates. In
-addition to the procednre contained therein, the following should also be done
by the applicant for type certvilication in the Transport Category:

le Prior to commencement of comstruction of any pert of the airplane, notice
of the intention tc begin such construction and of the approximate date
upon which it is to be undertaken should be given to the Chief, Flight
Engineering and Factory Inspection Branch in the Region in 'wh:.c.h the Lype
inspection is to be conducted, in order that he may arrange for the neéces-—
sary inspection during the couwrse of construction of the entire air plane.

2, In addition to that outlinad in CAM 04.0320, which is ordinarily submitted
to Aircraft Engineering Division, the folloming information should be sub-

mitted to the Chief, Flight Engineering and Factory Inspectiom Branch, prior
to the final “freezing“ of the designe

-

3=207¢ 7
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(a) A three-view drawing of the airpléne, ﬁil]y dimensiomd.

(b) A drewing, and sufficient descripiﬂ.on, of the flap control to
indicate its status in respect of compliance with the requirements
of CAR O4e434~T.

(¢) A drewing of the trimming controls which will indicate the manner
in which it is intended that they shall co:nply with the require-
ments of CAR 04e439-T. -

_{d) ‘A drawing or diagram of the wheel b;-ake system, together with an
" indication of the element(s) to be considered #lest® for the
purpose of shoming compliance with the requirements of CAR 04+445-T
Also, a description of the method by means of which it is pro- ’
posed to demonstrate, with this (these) "lost® element(s) in-
active, that at least 50 percent of the normal deceleration dnring
landing may be developed. ] ,

(e) A drawing of the pilot's emclosure shouing azimithal and vertical
~ angles of vision with respect to the longitudinal axis of the

aimplane and the angular orientation of this axis in respect of
the horizon for the normal ground attitude of the airplane; the
attitude in a climb at the best rate of climb speed with METO
power on all engines; and the attitude during a glide at 1.3 Vso
with the airplane in the landing conﬁ.gurat.ion and the throttles
closed.

(£) It is also st.rongly recamended that during this' period a mock-up,
which will include 2ll of the crew stations and simmlate all of -
the controls and instruments to be used by the crew as well as
the windshield and any windows, be constructed by the manufacturer

~ and mede available to the representatives of the CAA for examina-
tion. ‘

3. Prior to the commencement of sny flyirg of the airplane, the applicant
shonld notify the Chief, Flight Engineering and Factory Imspection
Branch of the intention to do this and of the approximate date upon
which such flights are to begin. If this be done, the representatives
of the CAA may observe such of this preliminary flying as may be deemed

. expedient by the Chief, Flight Engimeering and Factory Inspection
Branch, in order that such cbserved data as may appear to be adequate
for the showing of compliance with the requireaments may be cbtained,
.thus reducing the extent of official flight testing and also the
amount of flying which might otherwise be necessary in order that the
applicant submit a complete flight test report pr:!.or to the submission ‘
of the airplane for official flight test.s.

be Prior to the presentation of the airplane for t.he officinl type inspec-
tion, the applicant should sutmit to the Chief, Flight Engineering and

- . Factory Inspection Branch, & proposed program which will indicate at
least the following:
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(a) The ares defined. by the several aelectians described under NATURE -
- OF TRANSP(RT CATEGORY. above to be covered by the tems of the type
certiﬂcatd.on. :

| (b) 4 flight test program which will clearly indieate all of the tests

- it is proposed to conduct; the order in which they are 1o be con-
ducted; the pwpose of each such test; and for each, the airplane
weight, c.g. position, flap setting, power 1o be drawn, and, where

; appropriats, the sltitude, the trim speed(s) and the speed(s) or
speed renge to be investigated. It is suggested that this program
will be most useful if, for each section of the CAR requiring flight
tests, it indicates the tests proposed and also indicates, in order,
each flight to be made ard, for. eac:h, :l.n order, the tests to be con-
ductedo

(o) A descriptd.on of the method(s) which the applicamt proposes to use

in order to reduce the chserved data to at.andard condiﬁ.om. :

: (d) A statemt of any intention on the part of the applicant to resort

0 caloulation in lisu of or for the purpose of generalizing test
data, together with a description of the data upon which these cal-
culations are to be based and the methods to be used therein. |

Since it w11 require time for the Administrator's staff to determine the
adsquacy of this entire program, it is strongly recammended that it be '
submitted as early as pract.icabla. otherme, the bommcement-of t.ho

toatd.ng may be delayed.

Daing t.he type i.nspecﬁon the applicant must, of course, make available
the airplane for that purpose as well as all of the personnel and equip-

‘ment neeessary Lo obialn the required data. ' The CAA possesses certain

indicating instruments which may be used for this purpose such as, for
exsmple, a trailing bomb, sensitive altimeters, stop watches, carbon

.monoxide indicators, etc., as well as photogrephic equipment for measui--

ing take-of f and landing flight paths. It is therefore recommended that
the matter of instrumentation be discussed with the thief, Flight Engineer-
ing and Factory Inspection Bramch in the applicant's region pr:Lor to

- amy decision as to the detailed flight test progmm

" 6e Upon the eompletion of ﬁn Wwype mpection, the applicant should prepare

the informstion necessary to show compliance with the requirements and
the airplane operating menual required by CAR 04.755 and submit them to
the Flight Engineering and Pactary Inspection Breanch as promptly as pos—

-~ 8ibla. Promptness is necessary in order that these cdata may be exemined

and a decision taken concerning the eligibility of the airplane for, and
the appropriate terms of, type certification made within the €0-day period
beyond which the airwarthiness certificste is valid indefinitely unless
revoked. Otherwise it msy be necessary to suspend the certificate at the

- end of the 60 days until this process cam be completed. Ko scheduled air

” carrier operation of the airplane will be authorized wntil t.he process of

type cerﬁ.ﬁ.uﬁ.on has been completed.:
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Tt should be nobed that the regalations now ‘contain sections ident.iﬁed__
; ,-by the sufﬁ.x systan here described, for the Transpart mtegory cnly ;

A.Qﬂ Flap cont.rols

_“The ability or the aixplane to eomp],y with the maximum stalling sPeeds o
" 'CAR 0447530~ .and the minimum rates of climb required by CAR 04+7531T may
be seen-to depend critical]y upon specific flap positions. The operatin
‘rules for Transport Category airplanes contained in CAR 61.712 -specify a
- maximum take—off welght such that with the ttake-off® flap set.ting it is
“barely possible.in the event of emgine failure either to stop within- fhe'
" length of the rursay or proceed on the remasining engine(s) and -attéin aK
height of 50 feet at the end of the rurmway. A lesser flap setting would"
" improve the ability of the -airplane 0 clinb and: therefore-to reach the s
-50 ft+ altitude, but would worsen its ability to stop within ‘the field.
- greater sebting would improve the ability to stop but worsen the: ability'
%0 ¢limb to 50 feet. Similarly, the operating ruleés in effect specify &
‘maximum landing weight such that with an "approach" and a ®landingh’ :rlapz
-setting it is possible safely to execute an approach and landing, PR ir
necessary, to interrupt the landing process and ®go.around® for another g
- attempte Lesser flap settings would improve the ability of-the airplane
o "go around® but would require more distance to-land and conversely for
. greater flap settings. Also, at some point during the complete; process’ "i&t‘
is necessary to change from the "approach® to the *landing* flap setting,
~ or from one or the other of these to *retracted" settung; i.e., it may.-be
.necessary that the crew select and obtain a precise flap setting under”
‘operating - conditions such that the crew can devote a minimum of attention.
10" the process or during an emergency, and, further, the safet.y of: t.he --
operation demands that it be done surely. _

TH may alsa be noted that the m:d.mmn stalling speeda are specified as
true indicated air speeds and are, therefore, independent of altitude,
while, at a glven flap setting and weight, the rate of climb available
- ordinarily decreases with altitude. This suggests the possihﬁ.lity, where"
_operation of the airplane at airports having various altitudes is ‘con<
: 'tanphted, that optimam conditions in respect of carrying the maximum

- weight permitted by the stalling speed and rates of climb requirements

" would be cbtained if the flap positions corresponding with the. required

‘flap control settings were made variable with altitude (i.e., the flap -

~ extension corresponding with a given oontrol setting shonld decreasa with
‘_increasing altit.ude of the ﬂeld.) ‘

,?The purpose or this requ,irenmt is 'l'.o apedry a ﬂap eontrol uhioh w:!.ll
 parmit the accomplishiment of the use of the flap described above with the.._-
minimum of attention on the part of the pilot and co-pilot.’ ¥hile it 13 .
not-required that it be poésible to stop the flap st sny point between
-the positions corresponding with any adjacent psir of the required. con- :
- trol settings, which would provide more flexibility in the use of the =
'ﬂ.ap than otherwise, nevartheless this 15 conaidered desirable unless the‘; S



sions mcessary to accompljp,: .this 1n§a‘.lr 'tim reliabili‘ta' af the con'brol
nism %o produce the flap positions eorresponding with the requiréd sete
There appears 8130 to be. no cbjection to ‘providing for extensiom of - ...
8 beyond - the .position. corresponding with the "landing® ‘control set.t:mg R
provided the control clearly indicates st to be. beyond - this' setting and. 50 pro-
vidgs waining to the crew that the minimum rate of climb is not. available. It
10uld be also noted that CAR 04.7533-T permits the use of such ﬂap position
,:fhe detem:lmtion or the 1nndi.ng distanee. : ‘ |

‘The only_‘ﬂap control nechaniam designed to eomply wifh this. requiranant w:l.th
which we have had experierice was an eledtrical one; the control being in effect -

i ple position switch. It appears necessery also to provide a flap posie
indicator with any control mechanism such as is required by this section
the regulstions, in arder that the crew my tave means to ver:mr that *the -
ehaniam is opera.ting satis factorily. - _ _

Eim;l.:ly, it ahould be noted ‘that- the dagree of complication of t.he ﬂap control -
1ai'gely open to aelection by the applieant for type certiﬂcation. (Sae :
427512-7 below,) .

_ 'ﬁ.rst sent.mce or t.his section requires trim controls 80 designed that, ‘
4n- the event of failure of the corresponding primery control, the trim control
‘8till continus to perfomi-its normal function. This' 1s considered & -
rea enable.safety precaution because, in the event of primary control failure
t with a“trim control capable of coibinued operation, it may be possible;-
DOANS ‘0f the trim and: powerplant controls, to land safely. Whereas, if
‘the trim control is also inoperative a safe ianding would be very difficult
: 'nnh a.nd could be catastrophic partimlarly in the case of failure of tha
~~elevator eantml. : _ ,

The second sentenee in its ei‘fect requires atand,ardization of the trinm:'..ng
eontrols for all trensport category airplanes.. This is required in an effort _
gwid the possibility of improper operation,. particalarly during omargencies, _
the shifting of crews from one type airplane to-another, and to relieve the
load wpon the attention of the flight crew which.the operation of an airplane -
-of ‘that type requires, by providing trim controls uniform in their operations
‘This is considered warranted in view of the present.much greater dependence

wh:i.ah is ‘placed upon the trimming. derrices fhan when. they were first general]y
‘mmduced '.tho a.‘-rplane desi@. ‘

"m noﬂon o.f t,he airp".lane to wlﬂ.eh tho taxt or tha section refers is a rotary
‘motion; 4484, the motion involved in longitudinal or "elsvater tab® trimming

‘48 s rotation about the lateral axis of the sirplane and the plane of this -
motion 418 the plare of symsetry or a plane pamllel to it., The semse of the .
motd ons is, therefore, a direction of rotation which the regulation requ:f.rea
10 b6 the same as that of the airplme.. .Practically, the section requires R
“that each trim control handle be ed.ther a wheel or & cmnk eomplet.ely ac:posed -
and’ ﬂxat it be locatod and: operated as followss S o

a.)u,f"j" The 1ong:l.md1n8.1 or “elevator" ’or:lm cont.rol st be 80 1ocated ag to




04e439-1 -
04.445—'1‘

rotate about a lateral axis and must zotate clockwlse when viewed

from the 1eft o produce "nose up"” trim, or to reduce the speed or
~_to reduce the primary control fqrce required to maintain a speed
- 1ower than the tri.mmed speeds - _ ‘ :

(b) The leteral or "aileron" trim control must be so located as to rotate
about a longitudinal or *fore and aft® axis and mist rotate clock-
~wi.se when viewed from aft to lower the righ’o or starboard w:!.ng.

" (o) The directional ar Mrudder® trim comtrol mist be so located as 0.
' " rotate about & normal or "vertiecal® axis and must rotate clockwise
‘when viewed from above to change heading t.o the right.

1% should be noted that Sections 04.435 and 04+4350 also apply to the
Transport Category and that, therefore, the installation of an elevator
tab position indicator is required. Position indicators aye recommended -
- for all-trimming tabs or for any other elemeut actua*:.ed by the 'briming

device. ' , :

B _lg ééS-T - Brake

This requiremnt {s based upon the fact that compliance with the operating
rules of Section 61,712 will require great dependence upon the presence ‘
and preper functioning of brakes unless the runways involved are unusually
- long. Its purpose is believed clearly indicated by the text of the regu-
lation itself.

The nature' and extent of 'ohe n4est or other data® required to show com-
pliance with this requirement will necessarily depend upon a great many
things such as, for example, thé general arrangement of the landing gear, .
the design of the breke system, the extent to which the capacity of the

. brakes is used in establishing the landing distance required by CAR 04.7533-T,
the amount of available performance data for the brakes, etc. The simplest
possible procedure would appear to be to determine the average deceleration
during a landing ground roll using no brakes and then to establish the J.and-
ing distance required by CGAR 0447533-T by using the brakes to the extent
necessary to double the mean deceleration so established. It appears likely,
however, that this procedure would result in excessive landing distance and

. might seriously 11mit the use of the airplane in scheduled operation.

If 11'. is desired by the applicent. to mke the maximum possible use of the o
brakes in establishing the landing distance, and if also the contribution

~ of thé brakes to the totsl deceleration is relatively large, it will be

- necessary so to design the brake system as to permit the application of
slightly less than half the braking deceleration so dewveloped, under the
conditions specified in this section. The safest arrangement which would

- permit this, appears to be the installation of & dusl system; il.e., dual

- wheel elementa (drums or disc units) transmitting elements, power sources, .
master cylinders, etc., connected to a single pedal on each rudder pedsl,
such that the failure of any single one of these would leave half the

‘total braking capacity symmetrically disposed sbout the plane of symetry :
-of the airplane. With such a system it should be possible to show compliance

e ll -
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with this section by means of calculation based upon the test data necessary
10 establish the lamiing distapce plus those obtained as a part of the certi-
fication process for the bre.ha (See CAR 15.104). Such a bmking system is
reeonmended. ' ’

I the system be so designed that under the conditiom here specified appre-

ciably less than half the total braking capacity remains or if the remaining

- capaelty be asymmetrically disposed, it will almost certainly require tests:

to determine that half the mean deceleration may in fact be developed and/or

that the' airplane may be safely controlled directionally while doing so. Tn

the case of a conventional landing gear it appears most unlikely that any.
appreciable braking effort might be safely applied on one s:lde only of 'bhe
airpmeo )

The decislon, themfore, rests with the applicaub. ‘Tt is. ze_conmiended' however,‘

" that the question bs considered well in advance of presenting the afrplane.

and that, once the decision be taken, it be communicated to the Civil Aeronau-
tics Administration, together with drewings of the instellation, & proposal
conceming the element or power source to be considered Inoperetive, and an
outline of the method (tests, calculations, etc.), by means of which it. is
propoaed to show compliance. _ ‘ :

04e70 = Perf.‘omnce R te

The signiﬁ.cance or this section in reapect of the Transport Category :Ls
merely that it states which of the succeeding sections are and which are
not applicable to airplanes certificated in the cate gory.

04,7071 = = Flutter and Vibration

'rhe requirements of this saction are considered to be clea.rly stated by its
taxt. It is not anticlipated that any special flight testing will be neces-
sary to show complisnce beyond the usual dive test required of all airplanes

_unlzss difﬁcmlw bs encountered dur.lng this or any ot.har necessa:y testing. .

5.7& - Perfmance Rewmn s for z‘ransport Catem Aimlane
5.72-»‘1‘ - Minimmns Reguirarents fr.r Certification

The pﬁmry aigniﬁ.canca of this section is that it provides means by which
an airplane may be certificated in the Transport Category even though it may
not subsequently be placed in scheduled passenger carrying operation, and,
as a result of such, be subjected 0 the operating rules of CAR 61.712.
Ttems (a), (b), (c), and (d), simply define a minimm number of weights and
altitudes at which the performance must be determined, (see . INTRODUCTION,

- NATURE OF THE CATRGORY, and Item 2 thereunder)s Item (e) means simply that
.. the airplane must, at theae weights and altitudes, comply with all the appl:l-

cable requirementn s (sea CAR 04.01, 04-'?0, and 04.75-#1‘).

‘The smendment to the certificate to which tl:e last paragraph or this uction
" refers will in practice be the revision of the Airplane Operating Mamual re~
-quired by CAR 04.755«T to include the parfomance inromtion corresponding -

with other 're:lghts or altitudes.
| -2
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047511 = Deﬁnitions o

4.7211-'.1‘ - StallingL Speeds

* The text of this Section is believed to be quite clear. The speeds are
“'so formally defined becausé they become the basis for the specification

in the following Sections of other speeds as miltiples of these and re--
guired rated of climb as multiples of thelr squares. These stalling speeds
are defined as "throtiles closed" because greater consistency may be ex-

" pected among the results of successive attempts to measure them than from

attempts when appreciable power is drawn and they are, therefore, more use-
ful for their basic purpose. Since the effect of power is ordinarily to

' decrease the stal]dng speed, they are also conservat-ive for these purposes. }
K11 stalling speeds required to be imrestlgat.ed are measured by means of

flight tests by first calibrating the airplane air speed indicator by fly-
ing over a measured course at various indicator readings or using a trail-

‘ing bomb, then stalling the airplane, following the procedure of CAR 0447543-T.

The stalling speed is the lowest indicator reading observed during steady
controlled flight following this process, corrected by the resv.lts of the -
calibrat&.on. . '

04.7512-T - Flap Posttion

The flap posi’d.ons oorrasponding with the flap control set.tings recmired

by CAR 044434-T are open to selection by the applicant. The only regulaw

tory restrictions upon this selection are that, once made, the weight at -

which the airplane may be operated must not exceed that at which the maximm

stalling speeds (CAR 04+7530-T) and the minimum rates of climb (CAR 04.'7531-‘1‘)
are equalled, or, in scheduled operation, that at which the take-off

" (GAR 61. 7122) and landing (CAR 61.7123) limitations are equalled.

.The simplest possible choice would appear to be the retracted flap position

for "take—off" and "approach" and the fully extended position for Manding". )
This conforms to most of the past practice in the use of flaps and requires

& comparatively simple control mechanism. If, however, the airplane has ..
“‘been so designed that the maximm teke-off and landing weights are limited -

by the required rates of climb at sea level, these weights will be reduced
more rapidly with increasing altitude than would otherwise be required since

‘the effect of a given small change in flap position upon the maximum weight

permitted by the elimb requirements is generally appreciably greater than its

‘effect upon the meximum weight determined by the stalling speed require-

ments. A&lso, it is very possible that, for an airplane so designed, the
distance required to accelerate during take~off +o the minimm required
speed and stop, may, at a given weight (less than the maximum), greatly -
exceed the distance required to reach a height of 50 feet. (See GAR 04.75320—'1‘)

‘and 04475321-T.) “Since the scheduled operation of -the airplane will be

limited to weights such that the’'greater of these two distances does not
exceed the length of the take-off runway, it may be advantagéous to use a
ntake-of f* flap position such as to make these two distances more nearly
equal. " This could be done by using some flap extension since with increas—
ing extension the speed to which the airplane must be accelerated may be

reduced (See CAR 04.75320-T) amd the drag during the deceleration run will

-13 -



: '04.75124

’ probably be increased both of which will, at a given weight, reduce the .
' aceslerate-stop distance. Flap extension would &lso decrease the stalling
- - gpeed, and, therefore, the required rate of climb, as well as decrease the
available rate of clizb, but the net result would normally be an increase in
the distance required to attain 50 feet of height. The optimum ®"Take—off® = .
flzp position for a given weight; i.e., the position such as to require a mini-
HUR  TUITREy hngth, would be a position such as to make these two distances '
- equal,

The most complicated selection to which there appears to be point would be one
such a8 to permit the airplane % carry the meximum possible weight permitted
by the operating limitations of CAR 61.712 at any sltitude for any possible.
rurray length. Such flexibility in operation would, however, require second--
ary flap control systems of such complaci‘lv as to present a substantial design
problem,. '

The selection of flap positions will also inﬂuence the nature and extent of

- the flight testing required for type certification. If, for example, & single
flap position be used for each of the required control settings, it is only
nec¢essary to msasure the stallitg speeds at ome weight and rates of ‘elinb at
such weights and altitudes as msy be necessary to cover the renge of each for
which the applicant wishes the airplans certificated. = If, on the other hand,
a number of fiup positions are to be used for ohne ar all of the required con-
trol settiings, dependent upon altitude, runway length or other psrameter, it
will be necessary t measurs stalling speed and clirbing and other performance
at each such position or at a sufficient number of these to permit the deter-
mination of the par*’ormsncs at all of them by interpolation or other suitable
means.

047513 =1 = Maximum me-a_lg.m-moperative Gperating Alti ide

This secﬁon in its effect defines a :ninimm rate of clinb which is acceptable .
as evidence of the ability of the airplame to maintain altitude in spite of

the feilure of .an engine during cruising flight. The altitude, in standard
air, at which this rate of climb exists under the conditions here specified
becomes the basis for the operating rule specified in CAR 61.7125. The re- .
‘quired rate of climb has been related to the stalling speed because the ability
of the airplane to reach an intended point for landing ls approximetely pro-
portional to the rate of climb; the failuré to do so may result in a forced
landing during which any damge done to the airplane or its contents is assumed .
tc. be related to the kinetic energy which must be absorbed; and this energ

is proport.ional to v2 oo

As the text of this section indicates, CAR 0&.?23 also applies to the Transport
_Category and the data obtained from the testing required by that section are
adequate to establish the maximum one-englne-incperative operating altitude
snd its variation with sirplane weight. The process by means of which this. -
may be accomplished is described in Flight Engineering Report No. 9. The test-
ing required at each eliitude and weight is outlined in Section IV,G, of the
~ Typs Inspection Report Form (ACA 283). The nature of this testing and an accept-
able method by means of which to reduce the cbserved data to standaz-d conditions
is desoribad\in Flight. hgineering Report No. 3._

-1 -
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The number of weights and altitudes at which tests must be conducted dee
_pénds upon the range of weight and altitude to be covered, the altitude -
-characteristics of thé powerplant, the consistency of the résults of the ,

© testing actually conducted,” etce The number must, however, be great enough

, to establish at least the following- ' _

1. 'Ihe critical alﬁ.mde(s) of -the engines i‘or METO pcvrer.

2- ’I‘he apparent aerodynamic chamct.eristics of the” airplane, :l..e., aire
plane eff:.ciency factor "e® and parasite area "f® or their equivalent.

3. The rate of change with altitude of ‘best rate of elimb between all
" eritical points in the altitude history of METO power. '

The absolutely minimum amount of testing which appears likely to do this

is 1o conduct at one intermediate weight a five speed sawbtooth ¢limb at

: not less than two altitudes in any full throttle range hetween adjecent
pair of critical points in the altitude characteristics of the powerplant,
independently to determine all critical altitudes, and thus to establish -
- rate of climb versus altitude for that weight. Experience has indicated
that it is necessary to carry out the clinb at each speed during these.
sawtooth clinmbs for at least five minutes in order to cbtain dependable
results., The effect of welght may then be calculated, by the method of - .
Flight Engineering Report No. 10 or its equivalent, at each of the criti-' .
cal pomts to establish the altitude history of climb at o‘cher weightse =

It is reeommended that compliance with this requiremert be shown with the
cowl flap position required to meet the powerplant cooling requirements
(CAR 04.640 and Form ACA 283, Section III,E). The applicant may, however,
show compliance with the cowl flap nosita.on required for cooling in stend- .
- grd aire This will of course require additional cooling tests to establish
t.his ]Atta' cowl ﬂap positl.on. , :

040752—'.[' o= We:g hts

_ The regulatory 11mitations upon the weight at which ﬁansport Gategory
airplanes may be certificated are conveniently summarized beginning on

" Page 2 of Flight Engineering Report No. 9, which indicates all the factors
which should be considered by the applicent prior to selecting the desipgn
welights. It may be noted that this section requires the design landing

weight to be not less than 87% of the design take-~off weight and thet .

- CAR 04.7520-*! requires the instzllation of dump valves if the takewof f
weight exceeds the landing weight. Although not explicitly stated, the
regulations as well as practical considerations, indicate the necessity,
in al)l cases where the. take-off weight exceeds the landing weight, of
providing fuel capacity for a weight of fuel in excess of the maxinmm
spread between any take-off and landing weight to be authorized for any

scheduled flight. There it is desired to use a take—off weight that
exceeds the maximum allowable landing weight by more than 15%, this may be
aceomplished by designing the airplane for landing loads corrssponding with

a weight not less than 87% of the take-off weight, and by providing fuel
dumping facilities adequate to reduce the weight from the take-off to the
lsmding weight in ten minutes. ‘ ‘

- 15 ~
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i og zzzo-:e - Fusl Dnmp:_i.gg Provisions

The basic parpose of this requiremnt, as t.he t.axt 1ndj.cates, is to- provide for ‘
" landing at a& weight not in excess of the msximum landing weight and it assumes,
if the weight of the airplane can, by the dumping of fuel, be reduced from the
maximm take-off to the maximum landing weight in not more than ten minutes,

~ that adequate. provision has been made against the probabdility of having to make
& landing at a weight in excess of the maximum permissible landing weight. It

- i8 not the purpose of the requirement to provide a means by which the climb-

ing pearformance of the airplane mey be improved in an emergency by reducing

“the weight of the airplane. This latter, in order to be effective, would
require a much more rapid dumping than. is here reqzired or it appears practicable ‘
to pmide. .

_The purpose of the testing is to demomtrate that the required amount of fiel -
my be dumped in. the required time during any flight condition in which dumping
mist be done and that the dumping process is relatdvely safe wher undertsken - =
in any of “the £light conditions here emmerated. The required testing is oute
1ined in Sectd.on VI,E,A, of the ﬁrpe Inspection Report Form (ACA 283). S

It is required that a suit.able colored non-inﬂanmble ﬂ.u:l.d be dumped in order
to explors the possible hazard involved in dumping in advance of actually

. dumping fuel as well as to establish the flow pattern should a first attempt
disclose that some pert of the discharge contectssome part of the airplane.

For this. reason the fluid should, if possible, have approximately the same -
_specific gravity as fuel; (i.e., about 0.72) and the coloring meterial should
be such that it will readily deposit on the external surface of the airplane.
‘Non=inflammabhle fluids of such apecific gmvﬂ;hy are rare and water is ordin..
a.rily usod. ' o

04.'753-1' Required Perfamame and " Performce gtanﬂmtion

The 1tems of peribmanee which are gaverned by minima ar otherwise required t.o :
"be determined hereunder, all :an'olve one or more of the following basie regmes-

1. The airplme being accelezated aloxg te gronni rrcm rast. $0- some specified

24 Tha ai.rp:lane clinbing or gl:lding steadi]y.

',3 The airplane being decelera ted along the ground from some speeifiad air-—_v'
- speed, or a contact speed dnri.ng landing to rest.

"rhe fundaren tal natwre of these operating regimes is 4ndicated in Flight Mginser»
ing Reports 7, 3, and 1, respectively, which also contain or discuss acceptable
.methods by means of which to correct the observed data to standard conditions.
-Flight Engincering Reports 9 and 10 indicate methods by means of which thé Te=
‘quired pérformance may be caleculated for verious weights and altitudes onceo it -

.48 established for one weicht and certain altitudes and the former of these two
reports sheds considersble light upon the mature and ext.ent of the testing re—

_ qu:!.red to- est.ablish the required perfomanoe. _ -

-16 -
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The take-of f flight path, specified hereunder, ignores the transition
which, in any real take-off, must take place between linear acceleration
along the ruway to sieady climbing flight because no significant error.
is ordinarily introduced by doing so. The landing flight path does not,
however, ignore the corresponding transition from steady gliding flight‘. :
4o deceleration along the ground. The nature of these transitions is.
‘discussed in an article, "An Approximte Method to Predict the Transition .
" or 'Flare! Flight Path in the Take-Off or Landing of an Airplane™ in the
November 1941 issue of the Jom-nal of the Aeronautlcal Sciemces. : ‘

'I‘he only infomation available to the CAA ooncerning the accuracy oct‘ t.he
results. of direct tests undertaken to determine any  one ‘of these three
basic items of performence is the consistency of the results of successive’
attempts tc measure any one of them. The results of such tesis for the"
distance required to accelerate slong the ground to some selected speed .
indicate very great consistency. Figure No. 19 of Flight Engineering

. Report No. ‘7 shows, for example, that when the results of five separate
measurements are plotted as velocity ageinst distance, the points for all
practical purposes, define a single curve. This 1is believed to indicate -
comparatively great accuracy in establishing such 2z distance.. The case

of rate of climb is not so fortumate. The information avallable is by .

no means conclusive, but it does indicate that rate of climb ecannot be.
estabtlished by direct testing within such close limits.of precision, and
that rather extensive flight test data are likely to be necessary in order - -
to establish representative valuss of this item of performance. The tase
of deceleration along the ground has also moven to be troublesome, Thers -
are really two cases o be considered. The first of these is the decelera-
tion following contact during a landing. Flight Engineering Report No. 1
contains the results of 38 landings made with one airplane, and the dis-
cussion beginning on Page 39 of that report, plus the tabulation of cor- -
rected resulis on Page 67 of the repart, will indicate the order of con-
sisbancy of the effective constant deceleration involved.  The other case

is deceleration following the abrupt stopping of the engines simulating .
the. case of engine failuwre during the take-off. Flight Engineering Report
No. 7 contains the results of several attempts to measure this distance -
from various speeds. These resulits sppear in Figure No. 24 of that report.'
There are a number of reasons for the dispersion of these results, the
more important of which appear to be the condition of the brakes and the
consistency of the pilot technique, ' : ‘ _

The variation o.t' the probable accuracy of the measurement of these t.hrea ‘
basic items of performance produce a corresponding variation in the amount
of direct testing which would be required to establish them. In the cass -
of the distence required to accelerate to a speed, for axample, itis - o
believed the results of three separate attempts would probably be defmi- o
tive. The amount of testing required to establish the rate of ¢limb at -

one weight throughout the range of altitude has already been discussed
under Section 04.7513.T above, It is difficult to be very specific con-
cerning the amount of testing required to establish the distance required
te decelerate from & given speed. It is considered unlikely, however, that -

& representative value could be established by means of less than five con-

secutive attempts to measure the distance required to decelerate from a
glven sPeed.



L3

0447530?@ &

.'7 -?I'-Sta S dRe rements

'The limi'bations which are :!.mposed by the requiranants of this section npon

the stalling speeds have been dictated primarily by the effect of the speeds
at which it is mecessary that. the airplane be operated dwing an approach and
landing under adverse weather conditions, upon the safety of that operation.
A1l of the airplanss which had been used in civil operation had, at the time
these regulations were writtem, been designed to comply with a mnmmn land-
ing speed requirement which had in no case exceeded 70 MPH where passengers
were to be carried in the airplane. Even though there are contained in the
entire sét of Trensport Category requirements other but less direct limita-
tions upon these stalling speeds, it was considered unwise to abandon any
direct Ximitation because the alternative limitations are not absolute and it
is, therefore, poasible by the installation of a sufficient amount of power
in an airplane and by the provision of airports having rwways long enough,
o design an airplane having stalling speeds far in excess of those with which
we have been familiare.

. The purpese of Ttem {a) of this Section is to prevent the necessity o.f making
contact 4t very high speeds during larding. The purpose of Item (b) is basically
to provide a margin of speed between the stalling speed and the maximum which -
it is believed may be safely used during the instrument let-down and approach
rrocedures This margin is such as to provide for an acceleration of 2g, -
corresponding with a 60° banked turn at 120 MPH without stalling. It should
be noted that these are true indieated airgpseds as defined in Section '0_4.'7511—?,

These stalling speeds must be established by flight tests at at 1east one
airplane weight, ordinarily the maxi.nmm landing weight.

_ 4-‘7 311 - Climb Requirements

"rhis sect.ion speaifies a2 minimm rate of climb for each of three airplanes

- configurations representative of three different operating conditions certain
to be. encountered in the use of the airplane. These rates have been speci--

 fled with two basic pwrposes in mind. The first of these is that they are
believed t0 be a minimm which will puarantee the ability of the airplane to
perform any necessary mencuver safely. The other is that they penalize the
extreme use of wing flaps for the purpose either of complying with the stalling
speed requirements or of establishing the minimm possible take~of £ distance
at the greatest possible weight. The use of a comparatively great amount of
ﬂ.ap during the landing increases the difficulty in executing the landing:
first, because it increases the rate of descent at a given approach speed, and,

~ second, because it results in a trim with the nose of the airplane lower than
would be- required without or with lesser flap such that the rotation of the
airplane about its lateral axis, which is involved in the final stage of a
landing, must take place over a .greater angular range. These rates of climb
are also.related to stalling speed for essentially the same reason as has been
stated in the discussion of Section 04-‘7513-’1'.

The nature and extent of Night. testing required to establish these rates of
climb depends upon the renge of . woight and aliitude: for which it is desired
the airplane be certificated. If a modarate range of altitude (sea level_ to

5:»3'-‘-*767
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| 5 or 6 000 feet) is involved, and if, also, t.he 1;ezaﬁi;:i.scsb specified under '
Sec‘bion 04+7513=T has been: conducted, a five speed saw-tooth climb at a-

. single weight and altitude for each of these three configurations will

- probably be adequate to establish values of airplane efficiency factor

ne® and airplspe parasite area ®f." It should be noted, however, that the
effect of the slipstream upon the apparent aerodynamic characteristics of
the airplane will vayy with sltitude end if there is any great variation -
in horseporer available over the range of altitude irwolved it. may be '
necessary to. invest:t.gabe more than one altn.t.ude. oo

(a) Flaps in Landigg Position =
“The airplane configuration here spedfz.ed is that. ord:l.narily used
in the final stages of en approach for landing and the purpose of
" the yete of climb here specified is t¢ insure thet the alrplane be . h
able to "go around" for another attempt at landing in the avent. condi-
“tions beyond the control of the pilerb makea this NS Cessary. '

(b) Flaps in Approach Position ' .
. This airplsme configuration is in’c.ended to represent conditions wh:lch =
. would probably occur during an approach for landing with one engine - .
“inoperative and the rate of climb is intended to insure that the air- " *

- plane be able to. "go around® in the event this becomes necessarys. -

(¢) Flaps in Take-Off Position
‘This. airplane configuration is mtemded 1o be represaxtatd.ve of the
~conditions which might be expected te occur in the event of engine
failure at about the time the airplane leaves the ground during teke-
off, and the rate of clinb specified is believed to be a reasonable
. minimum which will insuwre the ability of the airplane to continue- the -
. take-of f under such circumstances. The lending gear is specified as
. retracted on the assumption that the retraction will be started at prac-
" ticelly the instanbt of leaving the ground. The inoperative propeller-
“eontrol is specified in a position which would szllow the engine o -
_develop at least 50%. of - maximum except take-off engine speed upon the
‘application of power, upon the assumpition that a pilot would almost
- .sutomatically pull the propeller pitch control 10 a comparatively low
"RFE setting but not so low that, in the event the englne recovered,-
practically no thrust would be available due to the high pitch setting
‘of the propellm-. _ ‘ g

._The determimtion of the allowable pmpellecr control setting for the
purposes of compliance with this requirement will ordinarily require
_that the airplane be flown at the speed involved in. order to determine
vhether the constant speed control will govern &% 504 of meximum
except toke-of f RPM while drawing power at the limiting manifold
‘pressure, the maximum cruising BMEP recommended by the engine menu- -
 facturer, or full throttle whichever shall occur first as the throtile.

- i3 opened. If so, this propeller control: positicn must be noted and
the tests to establish the rate of climb conducted with the control.
of the inoperative engine sel to this same position.  If the constant
speed control will not govern while drawing power as deseribed abovej -
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:l..e., 1:, with the control in 'bhe "minimum R.PM" positi.on 50% o.f METO RPM be
exceeded, tho olinﬂ: test'l.ng will be - eonchicted \!ith the control in 'bhaﬁ position.

It the design or operat.ion of the propeller cozrt.rol mechanism is snch ‘a8 t-ao=

render the above procedure inapplicable, consideretion will be given to any -

_altermtive which ‘confoms with the basic purpose of ‘the. requirement, this -

purpose being to permit such betterment of the rate of clinb as might result’ |
from a single and practically instsntaneous operation of some single propeller
control which would not, however, permit the pitch of the propeller to exceed.

* that established above drawing power, i.e., that. p:!.tch eorresponding wit.h 50%
- METO RHI under ﬂae speci.ﬁ.ed throt'ble setting - e

05-752 2 Ts.ke-Off Qgte tion

.The purpose 01‘ th:l.s mquiment is to establish ‘che dimmsions of ‘a t.ake-off

flight path such that if the take-off runway have a length equal to the greater
of two possible dimensions of that flight path, ‘an engine: failure may be suf<

‘fered by the airplane at any point within the lengt.h of that rursay and 'bhe

airplane be able elther to stop within the length of the runway ‘or %o eont:mue
and clear all obstructions to flight until 2 safe landing may be made. Such

a flight path necesserily irvolves consideration of the level’ of skill of the
pilot who happens to be flying the airplane at such a time, and it has been
attempted in the specification of the conditions under which this. ﬂight{path

is to be established, to provide for a zeasomble level of skill by specifying

certain minifmm speeds which must be attained, as well as & sequence and tim-

ing in which it is assumed various ad,justments may be made to the sirplane,

each of mhich would-bave measurable effect upon the resulting dimmsions.
These particnlars are d:lscussed in the. immediately succeading sections.

| _4_-22320-1: . Speeds

Thia Sectj.on, as its text indicates, contenp‘,lates a speed at whieh the engine
mey be assumed to fail which may be lower than a speed at which flight is pos-

‘sible. Since the operating requirements of CAR 61.712 limit the take-off

operation of the airplane t0 a weight such that in the event of engine failure
at the critical engine failure speed the airplane may eliher be brought to
rest. within the length of the field or continue the take-of f and attain’a
height of 50 feet at the edge of the field, it follows that for any airplane
at & particular weight there is an optimum value of this criticel engine fail-

. ure speéed which will produce the minimum required runway length and further,

"that this optimum condition cbtains when the two alternative distances are

equal. -In the case of an airplane baving 2 comparatively high wing loading
but low power loading and particularly in the case of airplanés with four or
more engines, this optimum may be ‘appreciably below & speed at 'which flicht

-1s possible., If such a speed is to be used for the purposes of establishing

the dimensions of the flight peth, it is obviously. necessary that it be poOS~
sible to: continue the {take-off acceleration after the failure of an eng.ne
until a ‘mininmum safe flying speed has been attsined and it must be demonsirated
by test that it is possible safely to do this, It appears: open to’ ‘some question

“whether any airplsne equipped with a conventional landing gear arrangement can

do this although it does appsar possible that an airplane equipped with a

) trj.cycle ].anding gear might do so.



B -@he second ..need spec:.fied by t.his Sec’cion is a mimmzm Speed at Whlch it.
s ‘considered safe to attempt to complete the take-off with one: engine o R
. 4noperative. = The limitation upon this speed based upon’ ‘stalling speod
- 4nvelyes the power off stalling speed and the 207 and 15% margins are- v
xarba.trarily specified as a reasonmable minimum to insure against. inadvertent‘ S
_:stalling of the airplsme., The diff erence ‘between the two margins based - -
 upon the number of engines installed in the airplane is due to the-fact & . -
that the -application of power ordinarily appreciably reduced “the.. stall:mg- MR
. speed. In the case of the two engine airplane, at least half of this re-
. Gpefion is eliminated by the failure of an engine. In the case of & - - g\
' four ‘engine airplane, certainly less than half and probably more. nearly b
. ohs-quarter only of the difference is eliminated by the failure of an- e
- epgine, The difference in the required factors therefore provides approxi-—

e mately the same mergin over the actual stalling speed under the’ pomer: gons-

. ditions which cbtain after the loss of an eng:.ne ne mtt.er what the mnnber
. of eng:.nes (in excess of one} may be. _ L

This minimam take-off climb speed is also required to be ~at least 10% in
_@xeess of the minimum speed ab which the airplane can be safely controlled
when the critical engine is suddenly made inoperative, Flight tests are . ~ j:-j
- paquired to determine this latter speed and it is suggested that the: most“:'v-'-- -

“direct ‘testing technique would consist in meking the critical engine . in- .. ‘
operative at a speed above the probable minimum and then slowly reducingz}_“-'
_ the airplane speed until & minimum is reached. This minimum should then':
“'be checked by flying steadily at the speed so determined with:all’ engines S
operating y closing the throttle on the critical engine and verifying that'>... @
control can be maintained, For the purposes of compliance with this re=7. . .~
qairement, the rudder pedal force required, without adjustment .of the- trim, f,
t0 ‘hold the airplane steadily upon a heading with zero yaw shall not exceed
.-180 pounds. - This condition of trim will ordinarily involve two -or.three ot
degrees of roll, the wing on the side of the operating engines being- down.’ s
T4 should also be noted that during the test required to verify the’ mini-
T fiem conbdrollability speed ‘appreciably greater roll than this may be re-- RN
. guired momentarily in order. to regain control and this is acceptsble so .' e
Tong ‘as control can be established with reasonable promptress at the same
gpeed and without loss of altitude. Finally it should be noted- that S
04.7540-1' requires that this speed be not more than 1.20 Vsl. '

-',The sélection by the applicanb of the two apeeds specified by this Seotian o
will influence the nature of the testing required to establishing the. t.ake-,
.osff f1ight path specified in the succeeding Section. If the eritical engine
. fdilure speed, Vi, is eqal to or in excess of the minimum take<off -clinb .. .
' -sgeed, V2, the segment of the take-off flight path involving acceleration R
' ‘along the ground may be detemined separately from those succeeding geg- L.l T
‘wints which involve steady climbing flight. If, however, 51 is less than’ .
V‘f’g, the testing must involve a take-off aceeleration during which the cr:i.ti-'
21 engine is made inoperative at the speed V], but the acceleration con~ - -
. tdnued at least until the speed, V3, is attained and the resulting flig'rb

-&th recorded phot.ographioally. , _

¥

' m either event the critical speed thus determined ahould be :anluded in
-the Opera.t[ng Hanual (see Section 01“755-T)- :
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raversed by the’ airplane for:two altematlve sequences ofweve»nfrs. o
--::‘;"-;these is - that the airplane be aceelerated to’ the: critical engine

: eed, at which’ spe ed all engines are made mperative ‘and the air-
rele 1o rest.: -The second 'sequence of: events: is: that the airplane

‘ ,g;&ga;t' i accalerated to the same s;:eed Tbub: that al t‘nat speed the critical g

on: ¢ -'~both sequances. S

st of these assu.med sequenees cf events mill be called herearter the .
' Tt is’ obvicus tha't when the throttles are: auddenly
"a ‘Finite ta.me w:i.ll elapse before the rropsllers and the: rotating parts -
o;ff the mgne are decelerated from the %akamofr RPY atiwhich they are;: prior
to clos:lng the throttle, being driven; o an i1dling RPM. During this period
propellers. continue to exert thrust: xmml a certain gero: thrust'REM:is.
ed-as & -rvesult>of the deceleration. For this.reasson: the speed of ‘the air—

oged before it ‘begins to decrease agein.: Thé period: of:time: covered by
t;_;\is qecelemtion of ths engine RPN :l.s also & very critn.cal period for ﬂqe

failm:e of 1 an. engine during take-cff and me election of t.he pxl ;
on:the ground;. to conduct tests involving a continuous run’starting: from
and ending-at Test rather than to determine separately ‘the distancesire
quirec to-.accelerate 1o the selected speed and the. distance required to deceler-
ate from: this:speed when this latter maneuver is performed as & partiof-a: lands -
ings:This process ordinarily requires & comparetively long ruwrway and in' Some
caseg it’ ‘has:been found impossible to attain the required- speed’ and’stop within
3 available Jength of a rumway. If this cannot be. avoided;: it then becomes
necessary to:determine the total distence imvolved in accelerating tovarious
1ower speeds .such as to. permit extrapolation’of-the results to:the requirved
speed. Jn detem:ming this distance, the wing flap shall be- in:the-take—off
position &t least until the engines have been mmde inoperative but they nay.
thereafter be extended to:aid-the deceleration if it is démomstrated: by the
applicant 'that this my be done wit.h reasonable case and w:.th safet." -

i;he .taks—off flight. pa’c.h. '.l‘his is uade ap of t.he follo&ing segmm*s-

@ 22 ia

ﬁed €0 di_tions. The distance reqmrezi to accelemte to the speed, Vl, is thus o

ntdfues: t0: increase beyond: that which -exists.at the moment the throttles
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propeller piteh control in the position permitted by CAR 04.7531-T(c)
for the length of time reguired to attain 2 height of 50 feet above
the take-off surfzce and thereafter, for the length of time required
to feather the propeller. ,

dpa Steady climbing ﬂight with the inoperat.ive pmpeller feathered for
the length of time which may remain of the time limit upon the use
of take-off power. (ases have been encountered in whieh propeller.
feathering is incomplete at the end of one minute from the start of
the take-off and in such cases the flight path has been based upon
the assumption that take-off power would continue to be drawn during
an emergency such as would exist following the failure of an engine
during the take-off, until the propeller is in fact feathered.

5. Steady climbing Aight with the inoperative 'propel.ler feathered drawe
o ing maximum except take-off power upon the operat.ing engine(s)- indefini-
telv thereafter.

+ may be noted that Items (o), (£}, and (g), of this section offer to the
applicant the alternative of basing the remainder of the flight path upon
the conditions specified in the 'th:.rd segment discussed above.

The various conditicns which have been specified in this Section to govern
the configuration of the airplane assumed to exist in each of the various
climb segments have been intended to reflect as closely as possible, the
‘probable order in which a pilot would mske changes in the airplane config-
uration in the actual cass of engine failure or, are coriservaiive in their

- natare in an effort to simplify the testing required to establish the flight
path, Thus, for example, it is assumed that the pilot will do nothing except
raise the landing gear for the length of time required for the gear fully
-to retract and it is  also assumed that insofar as its effect upon the
climbing performance is concemmed the gear is down throughout this peried.
It is assumed that the pilot would make some adjustment of the propeller
pitch control but that he would not initiate the operation of feathering
prior to attaining a height of 50 feet which, in the limiting case per-
mitted by the operating requirements, would also be the far end of the take-
‘off rurway; and, further, it Is assumed thet performence of the airplane
remains that with the propeller idling until the feathering is complete.
The teke-of f flap setting must be malntained throughout the determination
of the take~off ﬂight pat.h.

Sibjeet only to the restriction involving a value of ¥y less than Vg which '
1s covered by Item (d) of this Section and has been discussed in Section
04.75320-T above, each of thess segmenis of the take—off flizht path may

be separately established, one of them (Segment No. 3) has zlready been
~established in order to show compliance with CAR 04.7531-T(c). The extent
and nature of the testing required to establish the others is substantially -
identical with that required for the third segment which has been discussed
above. . :
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0447533-7 = Janding Determination

The purpose of this Section is to specify a distance which is required from a
_point 50 feet above the take-off surface to land and bring the airplane to
rest, which is at once representative of actual operating technique and may
serve as the basis for the specification of a landing runway length within
which a pilot of average skill may reasonably to expected to be able to. land
the airplane safely under the most adverse weather or other operating condi-
tions likely to be encountered in the actual operation of the airplans. '

The minimm approach speed of 1.3 Vg,, contained in Item (a), is intended to
provide a reasonasble margin above the stalling speed. Items (b) and (e) are
concerned primarily with the prevention of an atiempt to place the airplane in
contact with the rumway surface at a very high speed in order to take advantage
of the greater deceleration provided by most wheel brake installations tham =
is available from the dmag of the airplane while still airbome. Flight
Engineering Report No. 1 covers an investigatlon undertaken to determine the
effect of various factors which were considered in drefting this Section and
indicates the critical depsndence of the landing distance here defined upon

the contact speed. Obviously it will defeat the purposes of this Section if

a distance be obtained by making contact at so high a speed as to require an
axceptional degree of skill on the part of the pilot, or to base a distance

‘wpon exceptiomally favorable conditions such as wind or the pature of the sur-
face of the rumway, and for this reason Item (e) in this Section forbids this.

. Items (c) and (d) are concerned primarily with the extent to which wheel brakes
may be appropriately used in éstablishing this distance. Obvicusly, the dis-
‘tance will not be representative if, upon every attempt to measure it, the
brakes are burned up or a set of tires ruined. Since this would not be done
except in extreme emergency in actual operation, such use of brakes is there-
fore forbidden. -

Tt should be noted alsc that compliance with Item (c¢) requires the establish-
ment of a maximum recommended pressure by the manufacturer of the brakes and
.the installation of & measuring device by meens of which the pressure actually
used may be observed., It is recommended that a statement of the approved - :
operating pressure be cbtained from the manufscturer of the brakes and submitted
as a part of the test program discussed under FPROCEDURE TO BE FOLLOWED BY
'APPLICABT in INTRODUCTION. - The measurement of this landing disteance 1s most
-satisfactorily done by photographic means and the Civil Aeronautics Administree
#ion is equipped with such means. The field set-up for the use of this equipe
ment and the equipment itself, as well as the method of reading and analyzing

4

results, are covered by Flight Engineering Reports 4 and 8.

Tests to establish the landing distance mmust be conducted with the most forward
Cegs position to be approved by the terms of the type certificate.

04.754=T = Flight Characteristics

The relation between flight charscteristics and safety involves the level of
8kill and the scope, character, and intensity of atiention required on the part

-2 -
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‘ ‘or the pilot to fly the airplane at all. It is theoretically possible to
design en:airplane which cannot be flown by a single pilot- because, for
-example, he.may not have enough strength, or alternatively a sufficiently
delicate touch, to operate the controls or there may be S0 many necessary

. operations ’ohat he cannot, within the required time; perform them all,

| The purpose of the -requirements contained in this and succeeding sections
._.‘is to inswre that & pilot or any appropriate crew may operate the airplane
‘with enough margin of comfort that the peri'ormance of the airplane which
-has been covered by the preceding requjrenarxbs may be realized and a
reasonable level of safety maintained.

The succeeding Sections cover only the obviously more :l.mport.ant. of the
- flight characteristics under what have been agreed to be critical or repres- .
.. entative flight regimes. It is the purpose of the first sentence of this
Section. o cover all those which have not been and probably cannot be an- '
. ticipated for 2ll airplanes and therefore covered by specific requirements. -

The requirements of the succeeding Sections will in most cases indicate '
what are considered to be the critical loading conditions, and, assuming
. the airplane % be found in compliance with those requirements at those
loading conditions, no :lnvestigation of other 1oading condit.ions '«ill or-
_dmari.ly be requ:u:-ed. .

04.7540-T = Controllabl1ity and Maneuverability

. The purposes of the ﬁrst smt.ence of this Section are oonsiderad to he
. -obvious from a reading of the text. Ordinarily no specific flight tests
-Will be required to. denonstmt.e oomplia.nce with its terms except for the
following- :

1. 'rhose conditions normally eneountered in t.he event of the sudden
-+ failure of any eng:me. s

2e ‘\_ ‘The est.ablishment of the. ma.x:i.nnm tolerable crosa . eomponent of wind
... veloecity: during take-of { or during approach and landing.. -

‘The formey of theaa must be investig,ted with the airplane :I.n t.he
take—of 7 configuration and at the maximum take-off weight authorized
 for sea level (see 04.750-T(a}, (b), and 04.752-T), and will require

- the follawing specific deuonstrations . '

: (a) A demonstratlon that it is possi.ble to recover to straight ﬂ..tg,\:t 1
at the same speed with the wings level after any one engine is
.rendered suddenly inoperative during steady flight at best angle
of climb speed or 120% of Vsy (ses CAR 04.7511-T) whichever the
applicant shall select, while drawing take-off or maximum avail-
‘able power on the operat.ing engine(s) with the landing gear re=
- tracted and the airplane loaded at the rearmost center of gravity.
The rudder pedal force reqiired to maintain straig,hb night sh&ll
not exceed - 180 pounds. o : '

(b). A danoustration that 1t is possible to execute 15 degree banked
. turns with or against the inoperative engine starting from steady
. flight at 140% of Vg with one engine inoperative, the inoperative

1 .
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.- propeller -operating in low pitch, maximim except take-off power on
-+ .the operating engine(s), landing gear extended, wing flaps in the
- - landing . posi.t.‘l.m, and uith the airplane 1oaded at rearmost center
Of gmv.i.ty. ' 3 ,

ey In order to demonstrata that the rudder will not lock or becom
¢+ heavily over-balanced in the fully deflected position at moderate
- angles of yaw, the alrplane shall alzo be investigated for the -
-affect of "executing sudden changes in heading, as read by means of -
the directional gyro while holding the wings level, in gradually
dncreasing inecrements until a meximum of 15 degrees has been reached
“or dangerous airplane characteristics encountered. This investiga-
‘tion shall be conducted at 140% of Vay with ane engine inoperative,
the inoperative mropeller feathered, maximum except take-off power
. -on the operating engine(s}, landing gear retracted, ani the wing N
-+ flaps in the condition used in the determination o.f.‘ the maximum one
. -engine mopem'ative oparating altitude (see CAR 0447513~-T)e

‘The raqu:lrements of CAR 61.7122(c¢) and CAR 61.'7]23(‘0) make necessary the
.establishmt of a paximm tolerable cross componsnt of wing veloelty
‘beyond which take—off or lamiing upon a given runway becanes unsafe or
imposaible. The magnitude of this maximuim cross-wind velocity depends
‘greatly upon the controllability of the airplane either in the air or on
the ground or both. It will, therefore, be required that the spplicent
‘state & maximum tolerable velocity for the particular airplane and demon—
- ghrate by means of a2t least three take-offs snd three lardings in cross
- wind velocities equal to or in excess of that selected that the airplane
- is safely controllable. The velocity so selected will then become & -
part of the operating hmi'baﬁ.ons for the airplane. '

-

The seeond sentance of this Sect:l.on concerns itself with those changes in
flap position and/or power which are likely to be encountered during an

- approsch for landing whem it becomes necessary to go around for another

" attempt at lending.  Its purpose is to make any .of these changes possible,
assuping the pilot to find it necessary to devote at 1east one hand to the ‘
. initiation of the desired operation, without being over—powered by the primary
airplane controls. It aims at a design such that no excessive change in trim

" results from the application or removal of power or the extension or retrac-
#ion of wing flaps. Compliance with its terms also’ requires that the relation
of control force to speed be such that reasomable changes in speed may be made

"~ without encountering very high éontrol forces. Compliance must be demonstrated
starting with the landing gear in a position appropriate to the initial flap

position; i.e., vhen flaps are up initlally, the landing gear must be up and

vd.th ﬂaps initially dowm, the la.nd:ing gear must be down.

: The third sentence of this Section ig also concernsd with the eventualiw of ‘
~going around during an approach for landing in which event it would be obviously

. "desirable to be able to retract the wing flaps quickly and automatically at
Such a rate that if power be applied simunltaneously with the initiation of
flap retraction no aititude would be lost. The design feature involved with

~ this requirement is obviously the rate of flap retraction. Compliance rust
be demonstrated with the landing gesr extended. o

20%¢ 7



04.7 - T:rim

The essent.ial purpose—of triming is to relieve the . pilot of: t.he neoassﬂg
< %o apply continuously one or more “control forces in order to maintain:a _
_given. steady flight condition. It is the purpose of this-Sectdon to: Togqulre
“that it be possible to trim the airplane completely for any flight condi-
tion which it is reasonable to assume will be maintained steadily for any.
appreciable time. The actual requirements are believed to be quite cleardy .
stated by the text. Flight tests vd.ll, of course, be: requ:.red 'bo dmon-

' strate -compliance.

All 'oonditims of opemtion consistant with the intended use of the atm-
. plane® under which Item (&) of this Section requires lateral and directionsl

" trim which were foreseen at the time the regulation was originally written,

.. are contained in Ttems (b}, (c), and (d) of the Section. As a conveniemce
- .in tosting, it will be acceptable to interpret "best rate of -climb speed®
88 14 ¥ “There is also no apparent need that lateral smd directiomal .

" tplm exis? “at the high speed when longitudinal trim is required by Ttem

_(b) at 90 percent of this speed only, end therefore lateral and direction-
‘al "brim at 90 percerrb of the high speed will also be cons:.dered sati o g

“wBest rate of climb speed" in Ttem (b, (1), may also be mt.erprewd as
. 104 v;lc )

:Although nob sped.ﬂ.cally stated in Itmt (c), the damonstration there: ro-
' quired my be mada with the inoperative ;ropeller feathereds .-

_Mx
bility 1, closely related to trim in that if stability is abamt, tﬂt-

ing. is. impogsible. Ttwill be noted that in the succeeding Sections, &
gréat deal more attention 1s devoted to longitudinal stability than- to *ﬂu
.lateral stability. This is regarded as merely a reflection of the fact"
~ that the longitudinal or elevator control is intimately involved in the -
-establishment of: center of gravity limits, which is always necessary, -
while the lateral -characteristics ordinarily have negligible effect: upon
“these. Tt will also be noted that, concerning longitudinal stability, :
“the stat:lc stability is defined primarily in terms of the way the Tonghe-:
tudinal control feels to the pllot, whereas the dynamic stability is
.-specified in terms of the behavior which the airplane itself shall ex-
- hibit when certain specific things are done with the elavator control. RO

It has been attanpted, in the succeeding Sections, to cover those spadﬁc
ﬂight regimes in which stability is considered essential. It is believed -
that these.are critical in the sense that if the required stability- obta:i;n
in. these .conditions it will probably also obtain in any other flight con=-

-.dition likely.to be encountered with the airplane., If an airplane design
.- 'be encountered for wiich this is not true it my be neceasary to invut.:l.gate

g other i‘light eonditions. .
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5.72 o Stat:.c Ig_g_i_tud:tnal Stabilig

- AThere are tm bas:Lc purposes in requiring the statle 1ongitm:'linal stabilitv
'_ which dre defined by this Section. -

'I'he .f:.rst of these is to require that, once t.he airplane has been trimmed,
it will tend to maintain the trim speed in such menner as to require a
conscious effort on the part of the pilot to depert from that speed, using
forward pressure on the control column for an increase in speed and the -
reverse for a decrease. These forces must be such that departures in speed

. +dn either direction from the trim speed will require control’ colum pressure
. that increaseCapproximately: proportlonately as the speed departs from the

trim speed. ~“Static stability is specified in terms of ustick" forces becauss
1t 1is believed necessary and desirable to provide ffeelt of the airplene for
the pilot through this mediume Thus it may be seen that elimination of frice

- tion from the control system is am-important factor that must be eonsidered
in:commection with static stability. The accomplishment of this purpose is

~-intended %o provide safeguards against inadvertent stalls or inadvertend

~ elevator control operation at excessive speeds, easy handling qualities dure

ing instrument flight and generally to hold to a2 minimum the amount of atiene
tion and skill required of a pilot during landings, take-offs and the other -
normal operating conditions. The second basic purpose is to make it possible

- to.make such changes in speed as may be required to perfom a raneuver withe
- out it being necessary to readjust the trim in order to relieve very high

control forces which would otherwise be necessary. , o
‘The ideal relation of elevator control force to speed would‘be such that ﬂ:d

" gontrol force required to maintain any speed should increase propor’oionally

with the departure of speed from the trim speed and the: maghitode of the -
force, &t the extremes of possible or desirable departures, such as to'be -
easily within the ability of the pilot to exert. Such ideal. relationship is,
however, very difficult to obiain in an actual airplane design rarticularly .

" as the size of an airplane increases and the relative amount, of power in-

stalled increases. Ancother difficulty is that there is friction in most aire
.plane control systems which tendsto blanket out the control forces involved
when these are below a certein mgnitude. '

, ‘I‘he requirement contained in this Section is 3 therefore, a compromi.se between

what is desirable snd what may reedily be provided. Thus 4t requires not -
that the control forces involved be proportional to departures from trim speed
throughout the mnge of attainable airplane speed, but only throughout a ‘
limited range of speed either.side of the trim speed, and beyond this range
‘that there be no reversal of the control forces. It alsc requires that the
conbrol system friction remain icw enough thet if the elevator. control be
released at any speed more than 10 MPH away from the trimmed speed,the control
. must move toward the trimmed position and the speed of the girplane must retumm
when equilibrium is established to within 10 MPH of the trimmed speed. This -
in effect requires thet the control force at any point within the range of
speeds which mey be attained with the airplene must exceed the farce required
to overcome the friction in the control systm except within the range 10 MPH -
‘above cr below the trim speede

- 28 -
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The greatest difficully likely to be emcountered in attempting to demon~ -
strate compliance with this requirement appears to be that for any cone.
dition inyolving the uss of an appreciable amount of power the control
force required to meke svbstontial changes in speed iends to become ven- ' -
ishingly small, so small that appreciable changes in speed msy occur withe
out the change in the econtiol force being perceptible to the pilot. This
" geems ezpecislly likely %o be %rue if the control surfaces have been so
designed that without power the. control forces required to0 produce neces—
sary changes in speed do not. becoms excessive. TFigure No. 1 has been pre-
pared to indicate grephically what is required in the way of static longi.-'
tudinal stebility characteristics. _

Although nob apeciﬁcal_.y covered by the Regulstions, it is slso desirable
that motion of the conbrol column exnibit substantially. the same character—
istics s are required of the comtrol forces. That is, it should require
forward displacement of the colum io produce 3 speed in excess of the
trimmed epeed and vice versa; the required displacement should be approxi-
mately proportional o the deparhure from the trimmed speed produced; and
thers showid be no reversal of the senge of the ‘required displacanent of
the emntrol.

| 04..'?5420&.1 - sm ¢ Stability Conditions

The four speeiﬁ.c ﬂi@t conditions covered by this gection are those in
which it iz believed that static longitudinal stability is especially i
portsnt. ¥or each of these it has been attempted to select a trim speed .
believed to be reasonable and likely for the flight condition and to specify
- a'range of speed over which it is considered essential thet. the pilot be
able o depend upon the sppraximte proportionality of control force to -
departure 2rom the trim speed to indlceate to him the instentaneous speed at
which the airplane is operating. ¥light tests are required to demonstrate
compliance with these requi:ements and the tests involve the actual measure-
ment of the conbrol forces. , ‘

| 044754211 - gnamic Longitudinal smbnig

Durlng “the discussion which: preceded the adoption of the pravisions of this
Section, . it seemed generally conceded by most that dynamic longitudinal
instability was somewhat mare sn amnoyance than a positive hazards - It was,
‘however, considered to be sufficient of an annoyance to warrant eliminat-
ing it for any flight condition likely to be maintained for any appreciable
time, Since the removal of power and the extension of flaps and/or landing
gear ordinarily improve stability, no «gliding flight condition is specified.
If stebility be  found during the two flight conditions here specified, :I.t -
- will ordinarily he nnnecessar,r 1o :lnveaugate any other.

The testing required to dmonstm‘be complimce with this requ:iremmt nms’t.
ordinarily be dome at both exiremes of the range of center of gravity and .
invelves disturbing the airplene by means of the longitudinal eontrol and
thereafter chgerving the oscimtion of the airspeed.
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Tt should be noted that the regulation reguires that: "The airplane shall not
" be dynamically unstable.® In order to show compliance, therefore, it will be
‘necessary that the test involve not less than three complete cycles, unless
‘the motion be completely damped in fewer, in order to be sure that the ampli-

“‘tude of the oscillation is not increasing.

- No Ipe'c:l.fic tests are required for the short{ period cscillation to which the
last sentence of this Section refers unless it be encountered in the course of
the flying which must otherwise be done with the airple.ne.

'04.75422-T - Directional and Lateral static Stability

The purpose of this. requirement is to insure that the airplene shall behave
normally if disturbed in roll or yaw. Although no real motion of the airplane
involving roll is possible without yaw also being involved, and vice-versa,
it is convenient to investigate the rolling and yawing stability separately

. and this is done in the testing required to show compliance with this requiree
mﬂ!ﬂ'u ‘

In the case of directional stability, the heading of the airplane is altered
approximately 20 degrees by means of the rudder, the wings held level by means
of the aillerons and the rudder released. The airplane is considered to comply
Af the resulting skid diminishes, In the case of laterel stability the aire
- plane is rolled approximetely 20 degrees by mesns of the allerons, the heading
maintained by means of the rudder snd elsvator and the ailerons released. The
- airplane is considered to comply if the angle of bank diminishes, Very little
- difficulty has ever been eneonntered in a.ny a.irplane in showing complianca with
‘this requirenent. o _

0447543-1 = Stalling .

' The basic purpose of this .Sectdon i3 to require that in any stall likely to be
encountered inadvertently, the first response of the airplane shall be a downe-
ward pitching motion not a sudden rolling motion; i.e., it is intended to pro=-
hibit tip stalling, The testing required to demonstrete compliance with this
requirement is specifically described in the text of the Section itself, The
attainment of compliance with this requirement would seem to require very care-
ful attention to the probable spanwise distribution of maximum 1lift coefficient
in-the design of the wing, or, failing this, some modification of the wing which
will tend to delay stalling near the wing t.ips until the stall has developed
over ’r.he inboard portion of the wing.

The primary purpose of the last sentence in this Section is to insure that when
‘stalled with one engine inoperative the airplane does not become uncontrollable
or loose &n excessive amount of altitude. The required ﬂight. demonstration
. must be made with the airplane trimmed at 1.4 Vsy, with flaps end landing gear
~ retracted and the inoperative propel]er idl:lng in low pitche :

oy I
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g 4'.725___'1' - Airplane Operating Manual

The primary purpose of this mnuwl is to provide for the crew who will operate
the airplane any informetion concerning the airplane considered by the Adminis—
trator essential to or likely to promote safety dwring such operation. This

- will ordinarily require a certain amount of deseriptive material conceming

* - those parts of the airplane directly operated or otherwise used by the crew,

an understanding by them of the nature, location, and functioning of which is
therefore essential. The manusl shcm.m also contain, in order to serve this
purpose, a description and chronologieal outline of the procedure to be followed
" by the crew during various phases of the operstion, both "™normal* and "emer-

- geney® in which special attention and emphasis shonld be given to any precaution
which should be cbserved therein in the interest of safetye WCheck listsh
which list in chronological sequence the operations to be perfarmed by each
active crew nember during each phase of the operation of the airplane appear
-1ikely to be very useful in this connection. Fimally, to accomplish this pur—
pose of the manual, it is ordinarily necessary %o include all instructions
govering loading the airplane necessary to insure that the operweting limita-
‘aicns upon welght and Coge pos:.tion mey be readily observed. ‘

Another impcrtant purpose of the manual is %o implement the opersting mquire-
ments of CAR 61.71%; i.e., to furnish a sowce for 211 the airplane informa~
tion necessary to establish the limitations specified by those requirements

as well as that nécessary to ensble the crew readily to operate the airplane
within the limitations sc established. This purpose requires the inclusion in
the manual of all operating limitations peculiar to the airplane under any
- circumstance likely to be encountered during its life as well as information
concerning each of the jtems of performence involved by CAR 61.712 as functions
of weight, altitude, wind velocity, flap setting, etc., throughout the range
. of these variables for which it is desired by the applicant to provide; the

- point being that the scheduled operation of the airplane by an air carrier
- will be limited to values of all such variables within the renge(s) covered
by information available in the manusl. This situation requires that the =
- applicant consider the extent to which he wishes to limit the usefulness of

. the airplane subsequent to its certification as a type.

In serving the purposes which have been described ahove, it appears probable
that the manual will be used by both flight and ground personnel. The complete
convenience of each of these groups might dictate a different form and arrange-
ment of the manual for use by each. In the inberest of simplieity, however, and
considering the relatively greater difficulty of the circumstances under which
flight personnel may be called upon to use the manual, it is considered highly
desirable that their comvenience be served in the matters. It has been attempted
to. accomplish this in the preparation of the outline presented hereunder.

Tt is believed that the usefulness of the manual will bear some inverse rela- .
tion to its physical ulk and to the extent of its complexity. It is therefore
strongly recommended that great care be taken to prepare it in the simplest,

most compact form consistent with the complsteness and c¢larity of presemtation

‘of the necessary informtion. This will probably requnre carefil edting of

text and considerstion of details of arrangement, It is believed that an

8" x 1031 size will probably be found most convenient and this size is recommended.
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It is also recomnsended that durabili‘by ‘be:considered in- selecting the
haterials involved in iis reproduction and binding, Finally, it is sug-
gested that consideration be &lso given to the likelihood of revisions and,
- the mnar :i.n and ea.se m.th which ﬂxis j.s t.o be accomplishad. :

There :La prasented hereunderr an mrt.line intended to indicate a scope and
arrangement of ‘the mmnual and a treatment of the necessary material which,
1t is-believed, will best accomplish all of tha pn.rposes considered above.
Its use is recomended- IR

'rit.le Pag_e_

{This page should rorm a fronmt cover and should éontain the name of

the airplsne manufacturer, the model desigmation and the serial number

of the airplane to which the manusl applies. It should also bear the
 title "Airplane Operating Manual," and should provide for approval

by the CAA by means of the signature of; Chief, Flight Engineering

and Pactory. Impaction Div:aion, and a place to record the date of

such approval.)

' Log of Revislons

,(‘I'h:ls page should taka tha form o:t‘ a table in which to record for ‘each
revision an identifying symbol, & date, page numbers invelved, initiale
ing or signature by the representative or the GAA, and the da.t.e of :
suéh action.) = -

\- Gcnbents

(Tha‘b 13, a table of eontem-s. CTbis suggested that its usefulness
will be greatly emhanced if it be confined o 'a single page.)

I, OPERATING LIMTTATTONS

(The purpose of this section is merely to state the limita-
tions without any explanation not necessaxy to an understarﬂing
- of what they are.) s

(State range of take-off weight and landing weight approved.

- Also that welght in excess of meximum landing weight must be
-+ .disposable fuel. -State any other limitations on weight and
: -.‘f.if app:mpr.late refer to Imnmc m'SEUGTIONS, Saction V.) ‘

B. - GENTER OF GRAVITY S N

e (State 211 authorlzad c.g. 1imits. Refer to LOADING n«smucwmrs.)
.C. POWER PLANT ' | |
\ (State all power plant limi.t.ations, i.e., ¥P, RPM TIME, Cylin-

der head and berrel and oil temperstures, mini.mum fuel octane
No., eté., as well as any limitation on RFM due to roughness,

.33



" Ge

047557

D.

vibn;tion, tip speed, etc., pwopellar pltch, cowl ﬂap position(s),
etce '

SPEED |

(State "Never Exceed" spead mr all mp set‘binga, ®Level Flight or

'Climb" speed, minimum contrellability speed with one engine inopera-
tive, minimum speed at which airplane may be olimbed with one engine

. inoperetive, critical speed during take-off beyond which flight may

Ko

Fe

 He

II.

Te

NOTE:

be continmied and below which power should be cut and the airplane
_stopped, minimum “approach" speed, and any other 1imiting speed -
all in true indicated airspeed.) .

CREW
(State mmber and 1dentiry members of minimum orew necessary to

safe operatd.on.)

| FLARS

(State ma:d.m flap exhamion approved for take-off, approach, land-
ing as functions of weight or altitude if apm'opr:l.ate.)

TAIIING -
(State any limitations on speed, power, wind direction, velocity
- during turns, cowl flap pogsition, etc.) .

WAVE EEIGHT (Seaplanes and flying boats only. )
‘(State maximum wave height approved for take-off and for landing. )

GRITICAL CROSS~WIND VELOCITY
(State critical or limiting value beyond which tale-off or landing

become dangecrous.)

-

(Add ‘any other items necessary.)

'OPERATING PROCEDURES

(This Section of the \mamﬁl ghould contain information, peculiar to the

‘airplane, concermning the normal and emergency procedures necessary tp

their safe performmce by t.he crew.)

A,

B.

C.
Ds
E'.

START AND WAI?H UP ENCENES) (Out.line norml procedu.m for each

) - noting eny special precautions in the
TAXI ). Anterest of safety. Include check -
' ) list for each crewr member for each
TAKE-CFF ) . operation. Deseribe or refer to
o ' '} procedure in any emergency likely
APPROACH ) to occur in each,) .
LAND )
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F. ONE ENGINE INOPERATIVE
(Outline procedure to be uséd in event of engine failure during
" (a) take-off and (b) cruising flight including recommended speeds,
tnmg, operat-ion of remaining engine(s) » propellar feathering,
etc,

Ge PROPELIER FEA'IHERWG ‘ ' o
- (Outline any necessary or desi:able procedure 40 be follmred.)

H. FUEL DUMPING -
(Outline procedure 1m1uding speeds, power, etc.)

I. CONTROL SYSTRM LOCKS

J. 'm-cmox.

K. AUXILIARI POVER PLANT '
- (Deseribe procedure for starting and operati.ng.)

L, FIRE EXTINGUISHING EQUIFMENT '
{Outline procedure %o be used in event of fire in var:l.ous part.s

of airplane.)

M. DE~ICERS (Wing, Tail, Propeller, and Carburetors)

N. WINDSHIEID CLEANERS AND DE~ICERS

0. TANDING GEAR

P. AUTOMATIC PILOT

Q. EMERGENCIES ~ |
(Outline any methods by means of which wing ﬂaps, landing gear,
etc., my be operated in event of failure of primary systems.)

~ NOTE:
© Add any other itan{s) necessary.

- PERFORMANCE TNFORMATTON

(This Section should contain all the performnoe information neces-
sary to implement the operating requirements of CAR 61,712 and saf;e]y
to operate the a:l.rp]ane.) _ :

A. ENGINE POYER. GIIRVE .
" (A oopy of the engine mnnﬂac'wrer's sta.ndard chart of BHP v8.
¥MP @ RPM and BHP vs. Altit:de @ RPM and @ MP.)

. Bo AIRSPEED CALIERATION |

(A plot of TIAS vs. IAS @ various rlap positions ’ preferably on
one page.)

- 35 e |
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AT

C.

D.

Ee

F.

G.

STALLING SPEEDS o |
(A table or dlagram of true indica‘bed stalling speeds at various

weights at all authorized fiap sett.ings, power off.) T

CLIMB s :

1. Take-Off ) (A diagrem of Climb vs. Altitude at Weight plus the

2. EBEnroute ) climbing air speed vs. altitude for each airplane

3. Approach ) configuration in standard air throughout the renge

40 landing ) of weight and altitude for which the airplane is
o certificated.) ,

TAKE=-{FF

1. Accelerate«Stop Distance
(That is, the distance required to accelerate to the m:i.nimun
speed for control with one engine inoparative and stop. 4
diagram showing Tistance vs. Altitude at Weight throughout the
range of Altitude h. and weight W. i‘orwhlch the airplane is
certificated for take-off.)

2. Hight Path. '
(That is, the take-off fllgat. path specified by CAR 04.75321—'!‘
(a), (b), (4}, (e}, (f), and (g), as a function of weight and
altitude throughout the range of each for which the airplane
is certificated for take-off. It is suggested that this can
probably be done most conveniently by preparing a diagram to
scale on. rectangular graph paper showing for each of several
altitudes the flight path for each of several weights from the
minimum to the maximum for the partlcular altitude. )

LANDING

~ (That is, the dist.ance required by GAR 0447533=T» A diagram showing

Distance vs. Altl tude at Weight and Wind Velocity throughout the
range. of altitude and weight for which the airplane is certificated
for landing.) ({See Figure No. 9 of Flight Ingineering Report No. 13.)

RANGE
(To be supplied at a later date.)

GENERAL ARRANGEMENT

(This Section should contain all descriptive material covering those
rarts of the airplane with which opersfing personnel should be espeelall:y
familiar for safe operation or in the event of emergency. )

A

B.

THREE~VIEW DRAWING '
(A small three-view (not in excess of 101" x 1Y x 22") showing the

" principal external dimensions of the. airplane including pmpeller

diameter and engine nacelle Spacing and diamet.er.)

'DESIGN CHARACTERISTICS

(A table of the princa.pal design dxaracterist.ics such as.dimensions,
wing and comtrol surlace areas, control surface movements, airfoil
sections, dihedml taper, sweepback, et.c.) o
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_Ce ENGIHE LGGESSORIES . ‘
(A br:.ef description including carburetor make and model. )

D. FUEL srsms ) (A brief description of the operation
o ") of each plus a diagram of each.)

E. OIL SYSTEM ) o
' F. ELECTRICAL sysTax )

-G. HYDRAULIC sxsm

He CONTROL SYSTEM

I. AUKILIARY POWR PLANT

Jde EMERGE"TC’I EXI‘I‘S

- ‘(lgec.ie)ascription, diagram showing location, and mstmcto.ono for
K. HULL cmapmmm'mxm“(mg Boats m:_w.)' |

L. R/ERGENCY BEQUIPMENT
~ (Description, location, instmctions for use.)

V. LOADING INSTRUCTIONS
(This Section should include all instructions and informmation neces—,'
sary so to load the airplane as 1o keep it within the opersting -
limitations goverring weight and cege 1ocat.ion.) '
A, CARIN ARRANGEMENT
(A dlagram, appradmtely to scale, identiﬁring and showing the
location of each item of disposable load,.)
B. 1OADING SCHEDUIE

'C. INSTRUCTIONS | |
' {Adequate instructions _f.‘or ‘the use of the loading schedule.

SCHEHIYIED OPERATI@I (CAR 40. and 61.}

_ 40&2 - Passenger Minimm Requiranents '

This Sec‘hion of the Regulations is intended to accomplish o basic purposes-
" The first of theése is to require that any airplane, which has been certi~
ficated as a type in the Trensport Category, must, in order to be eligible

- for use in scheduled air carrier operation, comply with the operating mles:
set forth in Section 61.712 over each route to be flown by the airplane.
That this be required is implicit in the emntire idea behind the Transport
Gategory as explained in the INTFODUCTION. -

-f37- : .
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Tha second purpose is to est.ablish a time table of effectd.mess of the Tra.ns-
port Category requirements which will pemiit the gradual conversion of scheduled
air carrier operation from the use of airplsnes not certificated in the Trans.
port Category to those which have been. TFor this purpose, three separa'be cases
are envisionad by this requiranent: ' '

1. New type airplanes which have rever been previously, but are to be used in
scheduled operetion. This is covered by Item (a) of the Section which
requires that any such type which shall have been certificated as a type
after June 30, 1942, must, in order to be eligible for use in scheduled
operation, have been cer’dficatad in the Transpor'b Gategory.

24 Individual a.:l.rplanes s of & type ca'tificatad pr:.or to June 30 1942, which -
type has been approved prior to that date for use in schedulad operation,
vhich are introduced into scheduled operation after December 31, 1944.
Ttem (¢) réquires that such individual airplanes must be certificated in
the Transport Category: and must be shown capable of complying with the

operating rules of Section 61.712 in order to be eligible for use in sched-
uled operation. Practically, this means that the type nmst be shown to
oomply with the Transport category requiranants.

3. Alrplenes maintained in ‘scheduled operation after December 31, 1947. TItem
. (d) requires that such airplanes be certificated in t.he Transport. categoxy
in order to be eligible. :

N The dates involved in Items (e) and (d) have bem advanced since the original
~ adoption of this. Section because of interference by the war with possible re-
placanont- sohedules. The ongml dates were 1941 and 1945 respectively.

61.712 - QD__eratim Iinitations upon A:‘..rplanes Gertifioated Under Transport
. . - Category Beguiremmts o

It mey have been noted that the requirement.s of ‘Part 04 of the Civil Air Regu~
lations are such as to necessitate the determimation, as & part of the fype
certification, of various items of the perfomsnce of the airplane. In order
o complete the fundamental idea involved in the emtire set of requirements,
it is necessary to state a relation which shall exist bbiween the dimensions
“involved in this performence and ths dimensions of the route over which the
girplane is to be operated. The purpose of this and succeeding sections 1s:
‘4o state this relation. The nature of the relstion is such as to impose a
set of limitations upon the welght at which the sirplane may be takem off in

. either direction on any rumway at any weight for -any trip over eny route under
any wind oondit.i.on which it is desired by the applioant to oons:l.der.

The dev:lations mich are oontemp]nt.od by the ﬁrst pamgraph of this section
are ;intended, as stated, to apply only to cases in which the detailed rela-
tlon hereafber specified is not necessary in order to provide safety in operaw=
tion. The only case of this kind, which was visualized during ths discussion
preceding the writing amd adoption of these regulations, was that of an ‘airport -

- gituated in mountainous terrdin such that beyond the end of a take-off rnmra.y
the terrain dropped daarp]y and eppreciably below the level of the sirport.
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In suwch case, 1t was argued, it were safe %0 permit take-off at an airplane..
weight such tha't., in the event of engine failure, a loss of altitude.
beyond the end of the runwey might be experienced., The intent of this
 Section is, however, that the deviation be authorized only for such speci-
fic cases and that the burden of proof. that the application of the: rega-
la.tions is not necessary shall rest with the applicant for the deviation.

The purpose of t.he second paragraph of this Section is to mak_e- provision
© for the fact that it is impracticable to measure the performance of the.
airplane during the type certification for every concelvable, combination
of those variables such as weight, altitude, wind velocity, etec.; as may
effect that performance in actual operation. Also, for the fact that all
of the altermative pleces of equipment which may subsequently be instelled
- in the airplane such as propellers, engines, etc., which also effect the
performance cannot be anticipated and systematically investigated during
type certification. The former of these two difficulties can largely be
met during the type certification by so selecting weights and altitudes,
for example, for which tests are to be conducted as 40 cover with reason-
~ able accuracy the entire range of these over which the airplsne is to be
- operated and such information will ordinarily be found in the Operating
‘Menual required by CAR 04+755-T (See, 9350, INTRODUCTION.)

' In the case of the second set of d;lfficulties, there are many cases in
which a caleulation of the effect of the substitution, for example, of
one propeller for another may be within the limits of precision with which
the performance can be measured by direct testing., It is the intent of

. this requirement that such cases shall be substantiated by such calculation
rather than to require a further direct mea surement of the performance in-

'volvede It is recommended, in all suwch cases, that the applicant submit,
with his application for apprcrval of any change in the airplane, a proposal
of the means by which he intends to establish the performance of the altered

. airplane. _

61,7121 — General Limitat-ions

I is believed thet the provisions of this Section are reasonably clearly
expressed by the text. Item (a)} merely reflects the practical mpossibility _
of determining whether or not the airplane may be operated in a given case
when information conceming its- performance is not avallable, as well as
the undesirabllity that the operation be undertaken unless this information
is available to the operating personnel. (See 04.755-T.) Practically, _
in case it is desired to undertake such an operation, it will be necessary
to.establish the maximum tske-off or landing weight at the altitude(s)
involved either by further testing or by extrapolation of the information
already preser.rb in the Operating Manual to the al’siwde :anclved.

61 '7122 - Take-Off Limitations to Provide for Engine Failure

‘The puzpose of this Section is to provide that take-cffs shall be made -
‘ only under conditions such that an engine failure may be suffered at any
.. point along the rumway of take-off and thereafter the airplane may either
- be brought safely to a stop on the rurwsy or the take-off continued,
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o clearing any poss:lble cbstacles to flight by certain minimm specified dis-

tances. The application of this Section, in addition to the information re-
quired to be contained in the Operating Menual specified in Section 04.4755-T
requires . the establishment of certain information concerning the dimensions

of the airport. These are essemtially the length of any runways to be used
and' the location and elevation above the surface of the runway of any obstacles
to flight beyond the end of the runway from which latter it must be decided
the flight path to be followed by the airplane in the event of engine failure
and the election of the pilot to continue the take~off. By combining the two
sets of appropriate informetion; i.e., the dimensions involved in the take-off
flight path and those of the runway and terrain beyord 1ts end, a showing

must be made that, at the weight which it is proposed to carry during the ™
take-off, compliance with the requiremeuts of Itens (a) and (b) of this Section
is Shom. ‘

,‘Although it seems probable that turning flight imlnng even 30 sllight an :
angle of benk as the 15 degrees here specified would reduce the climbing pere -

formance of the airplane and therefore alter the flight paths which will be
contained in the Airplane Operating Manual, no informetion is available at
this -time concerning the magnitude of this effect, and until such information
can be obtained it will be satisfactory to assume that the rate of climb re-
mainse unchanged; i.e., that the slope of the flight path, when viewed in

. side elevation, remains t.he same a8 if the flight path were parallel to the
: plane of projection. . _

The problem of correction of the performance of the airplane for the effects
of rumway gradient is a very difficult one because it is more unlikely that

. . the distribution of gradient along the rumwey will be identical from runway
to runwey or from airport to airport. The effect of a uniform grade upon

the accelerate-stop distance and the landing flight path is considered in -
Appendix III of Flight Engineering Report No. 5, which indicates that the

_ magn:.t.ude of the effect may be appreciable.

The effect of wind upon the maxdimum weight which may be taken off from a '
given airport in compliance with the requirements of this Section is two-fold.
First, the wind velocity component along the runway of take—off, if a head-wind
veloeity will, at a given airplane weight, reduce the distance irrv'olved in

the take-off flight rath to attain a given height and will thus permit taking
off on a shorter rumway than in a calm, or, conversely, its effect is to
increase the weight which may be taken off upon a given runway. The magnitude
of this effect is discussed in Flight Engineering Reports 5 and 7, and it
should be noted that this Section pérmits consideration of only 50 percent

of the actual wind velocity component along the runway.

- The second of these effects is that the wind velocity amd direction will

determine the rwway which must be used. This is due to the inherent difficulty
involved in making a take-off in a cross wind.. In order to take off the maxi-
mum weight at a given airport, the take-off must be made upon the longest

runway in all cases where the cross wind velocliy component does not axceed

the eritical value which will have been determined in showing complisnce with
the requirements of CAR 0447540-T and, when this velocity be exceeded, upon

the runwey nearest the wind direction which doss not produce a eritical eross

" wind component upon this latter rumwaye

- 40 -
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It may be seen that each of these sifects imvolvesboth wind velocity and -

direction and that, in order to detemine the maximum we:l:gh'b which may be

taken off a glven airport wder ary coudl tisn of wind, it is necessary

that en amlysis be made of the effsct of wimis of amy velocity biowing

- in any directicn. TFigure I, and the text of Fiight Engineering Report

No. 13, illustrate a method by means of which this may be accomplished.

It should be noted that the diagrem assumes a maximum tolerable cross

wind velocity component of one MPH., This is & convenient figure no matter

what the actual critical velocity may be, for the reason that results :
read from such d diagram may be multiplied by the actual eritical velocity.

%l'heae diagrams postulate the operating mrocedure which is discussed above -

“and in the text of the referenced report and thegy glve the basic data by

means of which the maximum weights which may be taken off for any runway

when the wind conditions are sn.ch as to make the use of the runway necessarye.

 ¥rom a1l of the above, it appears that the minimum infornation concerning
- each airport which would show compliance with thase take-off limitations
- would be & contour map of the airport amd the surrounding terrain, plus
a composite profile alemg each of the runways it is intended to use cover-
ing sach width of terrain as may be involwved in showlng compliance with
the lateral clearences specified by Item (b) of this Section, as well as
the magnitude and distritution of any gredient along the rumway plus a
maximum take-off wei ght for each such rumway obtained by the super posiw
tion upon the profile for that rumway of the appropriate flight path taken
from the Opersting M¥anual required by CAR 04.755-T carrected for the effect
of any such gredient and for 50 percent of the axial component of any
wind which it 1s desired to consider when using that particular runway.
(Seo Flight Enginsering Report No. 13.)

'rhe simplest possible eperation :i.n compliance with the terms of this
Section would appear to result from establishing a maximum take-off weight
for each airport equal to the mindwmum such weight for any rurway result-

. ing from t.he analysis out.lined immediately above.

o?l?} Lmdiqg_l_)ﬁis tance Limitations

The purpose of this Section is to require that landings in scheduled opera-
tion shall be made only at such welghts that at the point of lamding a
minimum relation between the dimensions of the landing flight path estab-
1lishéd by CAR 04.7533-F and the dimensions of the landing ares which is
defined herein shall exis¢. The practical application of this comparatively
simple idea is complicated by the effect of wind velocity and direction
upon the dimensions of the flight peth and upon the direction in which it
nay be necessary to land. Item (a} concerns itself with the cagse of no
wind and; in effect, requires that the airplane be 8o dispatched that the
aped.fi.od relation shall exist at the destination on at least one rumway-
asguming there to be no wind at the time of arrivel. Item (b) considers
the possibility that, in spite of the provisions of Ttem (8), it may be

' NBCOSSAIY UpoOn an'ival to land on another and probably shorter runway
because of the presence of & wind. This, of course, involves a critical
lateral wind velocity component across the direction of the longest rurway
beyond which velocity a landing on that rumway 1s considered unsafe. For
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. any wind cmdition producing this critical lateral aompmmt there also eaﬁ.st
lsteral and/or axial camponents of wind velociiy for each of the other run~
Wayse ' In order to lad safely, therefere, it ie nocessary to sslect & run-
way across which the lateral component of wind velocity is below ithe eritical
- wvalue, The effect of the axial component along this runwey is to shorten
the landing distance of the airplane and, therefore, to permit meeting the
specified relation between the dimensions of the flight path and those of the
" airport with a.shorter rumway length. The purpose of Item (b) is to require
 that the specified relation shall exist for any rumway upon which it may be
necessary to land when the dimensions of the flight path have been corrected
by 50 percent of the actual effeect of the axial wind velocity componsnt whmh .
will exist. A graphical method by means of which to establish the variation
of laterel and axial wind velocity components for all runways in terms of-
total wind velocity and direction is contained in Figures 2, 3, and 4, of Flight

' Engz.neering Report No. 5e

Ttem (¢) is intended to provide an altemat.iva to. the mqu:.ranent that the
provisions of Items (a) and (b) be met at the intended destination which

. involves consideration of alternative. fields and requires that if the pro-
visions of Item (b) cannot be met at the time of arrival at the destination,
the airplane must proceed to the alternate where they can be mote

" It appears that the minimum informtion concernmg each destination or neces-
.. garily considered alternate which must be submitted by the applieant to show
-compliance with the requirements of this Section is a eriticzl cross wind -
component ‘plus an analysis such as is here suggested of the effect of varia~
tions of wind velocity and direction upon the cross wind velocity component
and axial velocity component for a&ll of the runways involved plus, of course,
the dimensions of the field showing the effective lengths of each of the
runways {see Section 61.7124 below), or, altermatively (and this will permit
the simplest actual operation), the establishment of a single maximm landing
woight, for each airport, equal to the maximum permitted by the terms of
this Section when landing in the most adverse direction on the shortest
runwey in no wind. (See Flight Engineering Heport No. 33 )

61.'?]230 - I.animg m.stance at Altemate Fields

The purpose of this Section is merely to alter, in the ease of alternate fields,
the ratio which must exist between the effective length of the rumway and .

,the landing distance, as defined by CAR 04.7533-T. This has been done upon

the basis that the improbability of finding it necessary to make use of an

alternate destinstion is su_fficiaxtly great ’oo warrant the. tald.ng of higher

risks,

6 7124 Defim.tion of Effecti.ve length of Lm(ﬁ.ng Area

'l‘he purpose of this ‘Section is to establish a definition of an effective lenghh
of runway for landing, which, when used as specified in CAR 61,7123, will
provide that it be possible to ‘approach amd lend while clsaring all obstacles .
to flight by a vertical margin of at least 50 feet. The slope of the ob-
stmction clearance line; namely, one to 20 was more or less arhitran]y

'?_6'74 7
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'selected but is not uithoub a certain amount of ra'hional ﬁmdation as s
indicated by the discussien af this point. in Flight Engineermg Report
H6e 56 - _ ) ) B

The basis for the remaimier of t.he provisiom of this ‘Bection is believed .
to be clearly indicated by the text. It will, of course, be necessary to
survey any landing area in which it is pmposed to show compliance with

~ the terms of CAR 61.7123 and it is suggested that a dlagram such as has.
been recommended in the discussion of Section 61.7122 above will also prove
_to be the most convenient form in’ whi ch to present the results of - the
survey here required. :

61, 7125 - En routé I.imitations

The basic purpose of this Section 13 to require tb,at t.he airplane be operat-
- ed at such weights that, in the event. of ergine failure at any point aleng
any route over which it my be dispatched, it shall be possible %o con-
tinue either to the intended destination or to a destination such that the
‘landing distance limitations specified in GAR 6147123 are equaled or bettered;
in short, to prevent the necessity of a forced landing under dangerous con-
ditions. It is by no means clear at this time that the rates of climb which
are involved in the maximum one engine inoperative ZoPera'bing-altitude‘as
defined in Section 04.7513~T are actuslly adequate to accomplish this pur-
‘pofe. Complisnce with the terms of this section does, however, insure a
minimum risk which is consistent from airplane to airplane. The practiecal
effect -of this as of all the preceding Seotions -is to limit the ta.ke-off

It appears that t.he m:inimum information conceming a route to be flowm:
which must be submitted in order to show compliance with the requirements

of this Section, is a composite profile along the canterline of the route .
representing the terrain contained within the ten miles either side of

that centeriine, plus & plot upon this profile of the maxinum one engine
inoperative operating altituwle correspomding with the take-off weight

which it is proposed to use reduced by the te:lgh'b of fuel eonsumd in reache
ing any peint along the routes
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